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THE AMERICAN PHYSICS TEACHER’S OPPORTUNITY.* 


BY EDWIN H. HALL, PH. D. 
Prifessor of Physics in Harvard University. 


This opportunity is first the opportunity of every teacher of 
youth, the opportunity in some measure to guide, to instruct, to 
form the leaders, intellectual, moral and industrial, of the next 
generation of men; the opportunity to be in the general onward 
and upward movement of the human race, which we must still 
believe to be in progress, however much we may occasionally be 
disheartened by revelations of our slow advance—the opportunity 
to be in this development active and intelligent factors, not mere 
individuals of the crowd swept on by forces unvalued and un- 
perceived. This great opportunity, and with every great oppor- 
tunity comes a great duty, the duty of proving equal to the op- 
portunity, is one appealing to the moral as much as to the intel- 
lectual side of our nature, and we see at once why it is that the 
public more or less distinctly classes us teachers with the clergy 
and requires of us, with reason, much of the same purity and eleva- 
tion of life which it is accustomed to look for and to find among 
religious teachers. Indeed, the professions have often been united 
in the same man, and are still so united. Moreover, with the great 
decline in mere authority of office, which the religious profession 
has suffered during the last century, while the teaching profession 
has had no such loss of prestige, but has, on the contrary, gained 
immensely in the range and amplitude of means at its disposal— 
with this condition of things in the world of religious and secular 
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instruction, the school or college teacher of the present generation 
cannot but find before himself a larger opportunity and upon him- 
self a larger duty than fell to the lot of his predecessors. 

Holding to this high ideal of our profession, we should not 
greatly care to what particular rank in our hierarchy we have indi- 
vidually been assigned, provided each one of us finds in his place 
work suited to his talents. If it be true, as I believe it is, that a 
man’s first duty is to himself, it is also true that he can discharge 
this duty most largely, most honorably and most happily by service 
to other men; not by stunting himself, not by self-denial for its 
own sake, but by the fullest development of his powers under the 
stimulus of an eager ambition intelligently directed to worthy ends. 

As teachers of physics, and especially as American teachers 
of physics, we have an opportunity to assist in the great and diffi- 
cult labor of adapting a noble but refractory material to the pur- 
poses of general education. Physics is a severe study. In spite of 
the prestige which it has acquired by such achievements as the de- 
termination of the constituents of the sun’s envelope, or the discoy- 
ery and application of the Roentgen rays, not to men- 
tion more recent wonders, in spite of the immense and 
universally applauded usefulness of physics applied to  in- 
dustrial arts, in spite of the fondness which many children show 
for electrical devices, the fact remains that the real study of physics 
attracts and holds permanently the attention of few, of few even 
among scholars. This is true the world over. Physics is first 
cousin to mathematics and close kin to manual labor, a family con- 
nection as honorable as one could desire, but scarcely genial. Can 
we make it attractive without impairing its character? If we can 
do so, we should; for the sound popularity of a worthy object is 
a power for good. Our task, if we attempt it, will certainly be a 
difficult one, and, in my opinion, the time will not come within 
the next few thousand years, if it is ever to come, when the heart 
of the ordinary human being will warm as readily to the study 
of the impersonal as to the study of the personal. In a recent 
number of the New York Nation there was a long review of a 
biography of Pasteur. It gave a good account, with considerable 
historical detail, of the state of knowledge concerning the action 
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of right-handed and left-handed crystals, of like chemical composi- 
tion, on plane-polarized light, at the time when Pasteur began 
the study of such crystals, a study soon attended by brilliant and 
important discoveries. Now, I feel very sure that most readers 
of the Nation omitted or passed very hastily over this passage, 
significant as it was; but I feel still more sure that very few who 
read on to the passage which described Pasteur’s controversy with 
a fellow savant, as to whether a hen can take anthrax, failed to 
read all that was told on the subject. Pasteur affirmed, in the 
presence of Colin, that fowls “do not take anthrax.” Colin main- 
tained the contrary, and, in response to the challenge of Pasteur, 
undertook to produce a hen having this disease. He failed, and, 
finally acknowledging his previous error, declared now that fowls 
cannot take anthrax. Pasteur now affirmed that although fowls 
do not take anthrax under ordinary conditions, they can be made 
to take the disease. This Colin denied; but Pasteur, knowing 
the normal temperature of a fowl’s body to be somewhat too high 
for the germination of anthrax, cooled a hen in water and then 
successfully inoculated her with the disease. 

I have dwelt somewhat upon this sketch of Pasteur’s activities 
because it has a certain lesson for us, not merely the lesson that 
a controversy between men is more interesting to the general reader 
than the solution of an important problem in pure physics, for to 
dwell much upon this fact might be discouraging, but rather the 
lesson that it is possible, by means of anecdotes concerning the 
great men of science, to invest them with a human interest which 
will be more likely to lead the ordinary student to study their 
work for the sake of the men than to divert hini from a study 
of the work by undue attention to personalities. I agree entirely 
with a suggestion recently made by President G. Stanley Hall, 
that we should make more of the “herodlogy” of science. The 
general reader who has attained a glimpse of the keen and sportive 
spirit of Pasteur in the incident of his adversary and the hen will, 
perhaps, be tempted to turn back to things passed over before and 
try to understand what such a mind found interesting in crystals 
and polarized light. Brief biographies of great scientific men are 
becoming common nowadays, and such books as Cajori’s History of 
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Physics are of great assistance. Let us make the most of all such 
legitimate aids to further our work. But, after all, I cannot look 
for any very great change, any revolution, of spirit of the average 
boy toward physics as a result of such a policy on the part of teach- 
ers. The simple fact is that, from the point of view of the school- 
boy, the great men of science have lived very dull lives. Very few 
of them ever killed anybody. Their victories were victories of 
the spirit, impossible to represent by means of the “biograph.” 
Born such a date; died such a date; worked on physics all the time 
between. On such a day, under such and such conditions, was 
struck by an idea, from the effects of which he never recovered. 
That is the way the record will seem to run for most of the great 
worthies. Such a life is beautiful in its serenity, in its purity, 
in its elevation, in its ultimate usefulness. It is a happy life; 
it is a better type of heavenly existence than the eternal playing 
upon a harp would be for most of us. If we can get boys to feel for 
one moment the charm of such a life, they will be the better for it 
all their days. And we can do this for most boys if we really feel 
the charm ourselves; more surely, if we can exemplify in our 
own lives a little of what we admire in those of our own great 
teachers. 

But, after all, says plain common sense and common ex- 
perience, physics carried beyond the mere externals is work, and 
the average boy is not to be hypnotized into a permanent love for 
work by gazing at any picture of men who worked because they 
liked to work. Sooner or later, very soon indeed, we have to face 
the question whether it is worth while to try to take an ordinary 
class of boys beyond these pleasing externals. 

Occasionally we meet some grave authority whose advice is 
for the negative of this question; not explicitly, of course; not 
wittingly, perhaps; very few people ever advise what seems to 
themselves a superficial treatment of any study. But we find 
such a man as President G. Stanley Hall saying this:* “The 
normal boy in the middle teens is often a walking interrogation 
point about ether, atoms, nature of electricity, X-rays, motors of 
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many kinds, with a special gravity of mind toward frontier ques- 
tions where the great masters know as little as he. He would like 
to see hundreds of demonstrative experiments made in physics 
and the liberty to repeat most of them himself, without being 
bothered about mathematics.” “He is essentially in the pop- 
ular science age. He wants great wholes, facts in profusion, and 
very few formule.” Now, President Hall is a thoughtful man, 
aman to be listened to. He speaks in this instance with delibera- 
tion and with especial reference to and criticism of the kind of 
physics teaching which is now common in the schools of New 
England, the kind of physics teaching which is due in great measure 
to the efforts of Harvard College to build up in the schools a 
peculiar system of physics study; a system including as its most 
original feature a laboratory course of work, mostly quantitative, 
for performance by pupils. Most of you are doubtless familiar 
with the general features of this course, which, by the action of 
the National Educational Association and the Middle States Col- 
lege Admission Board, has now attained a national prominence, 
and all of you are, I hope, interested in the question, the doubt, 
or, rather, the criticism and condemnation which President Hall 
directs toward it. For myself, I welcome this criticism, as I do 
any intelligent, candid criticism of the system of physics teach- 
ing, which I have labored many years to develop and to promote, 
but which I consider still on trial, still in a state of evolution, 
still in need of criticism and of suggestion from all who have at 
heart the great purpose of bringing forth and establishing in 
American schools the best system of elementary physics teaching 
that the world can show. ‘To share in this work, by adding to our 
present practice whatever it needs, by putting out from our present 
practice which should not be retained, is the great opportunity of 
the American physics teacher of this generation. 

Now, the proposition of President Hall as to what a boy in his 
middle teens wants, is, in my opinion, all true; but I do not draw 
from it quite the same conclusion which President Hall draws. 
Behind his minor proposition, which I do not dispute, there seems 
to lie in his mind the major proposition that whatever a boy in 
his middle teens wants he ought to have, and this proposition I 
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am not prepared to accept. Why is either of these propositions 
peculiarly true of the middle teens? Boys still younger want 
“great wholes.” Are their desires always safe counselors? Boys 
or men much older want “great wholes,” which they are not willing 
to work for, which they in some way hope to get without bothering 
over details. It was only the other day that I received a round- 
about request from a very wealthy man, who had not found it con- 
venient to go through college, for the name of some book or books 
that would enable him to get the latest results of physical ad- 
vance without too much bothering over formulas. The demand 
for a royal road to knowledge is very old but is still unsatisfied. 

But if the argument of President Hall in the passage which 
I have quoted is not conclusive, his contention may nevertheless be 
true? If it is unwise to give a boy everything that he desires, it 
is still more unwise to keep from him everything that he desires. 
Let us consider the proposed course of study, or instruction, or 
illumination, or gratification, whatever may be the best name for 
the experience which President Hall recommends for the boy, on 
its merits. Granting that the interest of the boy might be main- 
tained through an extended course of such sensations and impres- 
sions as President Hall imagines for him, is not our proper in- 
quiry, what would be the state of his mind at the end of the course ? 
What would he really know? What would he be able to do? In 
what respect would he be more useful to himself or to the world 
after his experience? Would he have at the end anything more 
than a broad impression of having seen and heard a great many 
things, an impression vague, confused, in many respects false, 
not to be depended on? Somehow, as I try to imagine what the 
suggested course would be, how it would be managed and how it 
would result, I think of the nursery, of children eager, impor- 
tunate, restless, seizing any toy within reach, playing with it a 
moment, then demanding another; I think of mothers or nurses 
distracted, of chaos and ennui and utter weariness at the end. It 
is possibly necessary for children to live this kind of life for a year 
or two, but must they live it till they reach the “middle teens?” 
If so, why not longer? When should they begin to have discipline 
with their mental activities ? 
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But let us take another passage from President Hall’s remarks. 
He says: “But boys of this age want more dynamic physics. Like 
Maxwell, when a boy, they are interested chiefly in the ‘go’ of 
things; those with aptitudes for physics want and need wide ac- 
quaintance first with tops, kites, and other physical toys, then 
with clocks, dynamos, engines, machinery, with some experience 
in running it and using tools; in looking into, taking apart and 
putting together almost anything that will go.” The word 
“dynamic,” as used in this passage, does not, I take it, have a 
technical meaning, but only a general significance implying some 
kind of “go.” The whole observation just quoted is sound enough 
as descriptive of some boys; but it does not follow that it is the 
proper function of a school course of physics to meet those needs 
and wants of the boy, which are here set forth. If Maxwell’s ex- 
ample teaches us anything for our guidance in this case, it teaches 
us that the boy “with aptitudes for physics” will pick up such 
knowledge as that here indicated without school instruction. As 
I remember the story of his boyhood, he used to go about among 
workmen asking the “go” and the “particular go” of any, to him, 
new thing. In these days of countless cheap mechanical toys, must 
we call on the school to furnish tops, kites and clocks for the boy 
to experiment with? As to dynamos and engines, the school can 
reasonably do something. I recommended some years ago three 
school exercises in the ‘‘assembling” of the parts of certain elec- 
trical instruments or machinery, and I am glad to see that makers 
of apparatus now advertise the materials needed for such exercises. 
But I have never seen my way to go very far in this direction, 
which soon takes us into the province of manual training rather 
than of physics proper. Manual training is an excellent discipline. 
I wish that every boy might have opportunity and encouragement 
to use the ordinary simplest tools of the wood worker and the metal 
worker. One of the great advantages of laboratory work in 
physics is this, that it does give a considerable amount of the same 
kind of discipline that the workshop gives. But how far can we 
afford to go in replacing physics by manual training, in minimiz- 
ing the general and theoretical of our instruction, and magnify- 
ing the special and empirical? I may seem disposed to answer 
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or prejudge this question by the form in which I have put it; 
but I consider it to be a real and open one, especially for those 
schools which do not send many boys to college, schools in which 
the average scholarly ability of the pupils for abstract views and é 
general principles is probably lower* than in the distinctively 
preparatory schools. This difference of natural endowment has 
been often ignored in important discussions. It was completely |. 
ignored, for example, in the Report of the Committe of Ten. One 
of the opportunities and the duties of+the American physics 
teacher, recognizing the difference between schools to which I 
have just alluded, is to work out an answer to the question, still 
a question in spite of the unanimous opinion of all the conferrees 
of the Committee of Ten, what differences, if any, there should 
be in the physics courses of the two great classes of secondary 
schools. I believe that the necessary differences will not prove to 
be great. I hope that they will reduce to nothing; but I must 
at present wait for the verdict of experience. In France, perhaps 
in Germany, such a question would be settled by the government, 
by some bureau or some minister. In America we must hammer 

- out the answer by patient labor of individual teachers and by dis- 
cussion in voluntary assemblies like this one of yours. 

But I must return to President Hall, whom I have been neg- 
lecting for a few minutes, and I wish now to quote from him one 
sentence of which I strongly approve. It runs thus: “Moreover, 
exactness comes relatively late in the development of the youthful 
mind as it did in that of the race, long after interest in general 
principles and especially forces.” I find some evidence of a de- 
sire on the part of school teachers to introduce refinements, or 
perhaps I should say complications, of apparatus which would be 
eminently appropriate in a college course on physical measure- 
ments, but which are, in my opinion, out of place in the laboratory 
work of the school. Out of place because they are expensive, 
troublesome to set up and care for, and, under the conditions pre- 
vailing in school work, perhaps even less accurate than the much 
simpler apparatus which they replace. For example, some teach- i. 
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ers have a great dislike for the common spring-balance, and I must 
admit that, as often put on the market, it is scarcely an instru- 
ment of precision. Nevertheless, its quickness of action and the 
ease with which it is cared for and stored recommend it very 
strongly for work in which the main emphasis should be on the 
principle involved in the exercise rather than on the precision 
of the numerical result. For the use of beginners in determining 
specific gravity, I had rather, if need be, take the trouble to 
paste a piece of paper over the inaccurate scale of the spring bal- 
ance and mark a new and better scale on this paper than provide 
a scale-pan balance with a set of weights. It is true that in skill- 
ful hands the latter will give more precise results, but it will take 
a longer time. And in the hands of the beginner the result may 
be no more accurate than that obtained with the spring-balance. 
The boy who will not, or cannot, with one of the ordinary 250 
gm. spring-balances, corrected as to scale, get within 1 gm. of the 
correct weight of a 100 gm. object, is a boy who would be very 
likely to abuse a scale-pan balance and miscount or lose the 
weights. In a later course, when he has gradually become used 
to the handling of apparatus, he may well determine specific grav- 
ities with the scale-pan balance and make correction for the buoy- 
ancy of the air; but not at first. Another example: many of you 
are familiar with an exercise on the bending of wooden bars, in 
which a simple magnifying index is used as a means of measuring 
the deflection. The suggestion was lately made to me to replace 
this crude contrivance by the micrometer-screw and electrical con- 
tact method familiar in university laboratories. Now, I confess that 
students using the lever index often get very bad results; but why? 
Because they misread the magnifying power of the index, or neg- 
lect fractions of millimeters on the scale over which the index 
passes; in short, because they make simple, boyish blunders and 
are, some of them, unwilling to take pains. Would they do bet- 
ter with the more complicated and expensive apparatus? I doubt 
it. A boy who will misread a millimeter scale will miscount the 
number of turns of a micrometer screw. Moreover, the tables 
of any ordinary school laboratory, with a class of any considerable 
size in operation, tremble so much that the delicacy of an elec- 
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trical contact would be quite thrown away, and the sounder would 
be in a state of continual chatter during any attempt at a proper 
setting of the contact screw. Of course, some boys would be in- 
terested for a time by the electrical device and might try to make 
the best-use of it; but the kind of interest in physics which can 
be stimulated only by electrical contrivances is hardly worth rous- 
ing at all. It is, no doubt, often the case that the beginner, find- 
ing his results inaccurate, is disposed to blame the apparatus and 
to think either that physics is not the exact science he has always 
heard it called or that he is not getting the genuine thing. When 
the teacher finds the boy in this state of mind, he should examine 
the apparatus and his own conscience, and consider whether the 
pupil has a real grievance, as he may have. If there is any serious 
fault of the apparatus which the boy has not been told of; if there 
is anything treacherous about it, like a screw which ought to be 
tight and is not, or a weight which is incorrectly marked, the 
teacher should spare no reasonable pains to make the thing right 
for the future. But if it appears, as it often will appear, that 
the trouble all lies in the fact that the boy has been, quite un- 
consciously perhaps, blundering and shirking, then it is the 
teacher’s opportunity to impress upon the mind of that boy, 
kindly and sympathetically, but unmistakably, the truth that 
physics is not a science or an art by means of which blindness and 
laziness escape their natural consequences, but rather a field of 
experience in which these qualities are overtaken, with peculiar 
certainty, by their legitimate but unwelcome offspring. For 
though it is a mistake to make accuracy of performance the fore- 
most consideration in elementary work, the pupil will himself find 
something lacking in his discipline and grow dissatisfied if he is 
not held to a conscious effort toward such accuracy as the ap- 
paratus at command will fairly yield. 

There is one other particular in which, I fear, some teachers 
of my acquaintance are making a mistake, namely, the compara- 
tive neglect of qualitative experiments at the lecture table. I feel 
called upon to protest so often against what I believe to be the 
great wastefulness of qualitative laboratory courses for school 
pupils that I am in some danger of being misunderstood and 
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being quoted in opposition to qualitative experiments generally. 
The fact is that I attach very great importance to such experi- 
ments in what I believe to be their proper place, the lecture- 
room, and I take great pains with such experiments. I suppose 
that some teachers think they have not time for such work, feel- 
ing, perhaps, that they must bend all their efforts to the accom- 
plishment of those things which appear prominently in exam- 
inations for admission to college. It is quite possible that we 
who conduct such examinations ought to change our practices 
of interrogation somewhat and try to make a knowledge of qualita- 
tive experiments more important in our tests. I am satisfied 
that real economy of effort in teaching as well as in learning re- 
quires much attention to such experiments. For example, it is 
a great mistake to undertake to teach Ohm’s law without first 
giving an exhibition of the electromotive force of a battery in 
open circuit by means of the condensing electroscope. No volt- 
meter which looks to the pupil just like an ammeter and is, in 
fact, dependent on current for its action, will serve the purpose 
of initial enlightenment; it will rather deepen confusion. Of 
course, pupils can be trained to a mechanical facility in the use of 
Ohm’s law without having any satisfactory sense of the nature of 
the factors involved; but such formalism is not what we hope to 
get from physics. 

I made it plain in the first part of this address that I do 
not expect to see physics become a popular favorite among school 
studies. It must remain a rather severe study, when thoroughly 
treated, and perhaps, on the whole, its necessary severity is not 
to be regretted. If we can get boys to follow a good, stiff course 
of it to the end in school, with a measure of cheerfulness on their 
part, feeling that they are getting wholesome discipline and use- 
ful information, we need not be greatly disturbed if most of 
them do not pursue the formal study of it afterward. Let us 
not think it our duty to proselyte to the life-long prosecution of 
this science those who have no especial aptitude for it. But, on 
the other hand, let us not forget that the abolition of unnecessary 
difficulty, the economy and the attractiveness of efficient methods 
of presentation and work, are ends to be constantly sought by every 
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reasonable effort of the teacher. As compared with the teach- 
ing of the classics and the teaching of mathematics, the teaching 
of physics, especially by the method we are following, is a new 
art. Often a teacher will find that a slight variation of form 
in the statement of a proposition or the description of an ex- 
periment will make all the difference between success and failure. 
Every year I find my copy of the laboratory manual used by my 
lowest class scarred with new inscriptions put down under the 
stimulus and inspiration of new experience with old problems, 
and when this ceases to be the case I shall suspect that I am get- 
ting too old to teach. Regard for form, not only of thought and of 
work, but also of personal carriage and of speech is a duty of 
every teacher, and perhaps teachers of science, with their minds 
occupied to the full by the matter of a robust and growing body 
of knowledge, are somewhat less regardful of this duty than 
teachers of other things, the classics for example. 

In the development and perfecting of himself as a teacher, the 
school man will find scope enough for his energies. It is not 
enough for him to know his text book or his laboratory manual. 
Writers of text books and of manuals sometimes err, and the 
teacher must be able to make correction. Books of a few years 
back get out of date. The newspapers and magazines are con- 
stantly filled with strange stories, sometimes true and sometimes 
not, of wonderful things done or to be done in science. The 
teachers should read, and read intelligently, with an open mind 
watched over by an enlightened skepticism. He should know, too, 
who are the writers to be depended on and where their opinions 
are to be found. If the school teacher of physics, regarding him- 
self as one of a great body enlisted in the noble purpose of 
making the teaching of physics of the greatest possible good to 
the youth of oyr land and ultimately to the youth of the world, 
does all the things which have been suggested in this paper, will 
he have time for what is commonly called original research? Re- 
gretting, as I must, to differ in opinion from my friend Professor 
Nichols in regard to this matter, I must answer, no. Much as 
I admire the suggestiveness of Professor Nichols’ address, deliv- 
ered, I think, before this club, I can hardly believe that one 
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teacher in fifty will find it practicable to carry out even the least 
formidable of his proposed investigations. Original research, suc- 
cessful and profitable original research, requires rare qualities of 
combined enterprise, insight and patience, and an atmosphere 
different from that of the school. It requires specialization, ab- 
sorption in the enthusiasm of the pursuit for what, in the end, will 
probably attract the attention of very few. “Does any one read 
your articles ?”, a distinguished chemist asked me a few years ago, 
“T don’t think anybody ever reads mine.” The joy of research 
is mainly in the doing, and this joy is for comparatively few 
minds. The same kind of joy, and perhaps quite as wide a fame, 
may come to one by the mere exercise of his energy and inventive- 
ness in the perfecting of devices for successful laboratory work. 
The thrill which comes to a man who, after many fruitless efforts, 
has made a label stick where it would never stick before, is not 
so very different in kind from that of the man who has carried 
some research to a successful conclusion. 

But what of “duty to science” and high ideals generally? Prof. 
Ladd, of Yale, is right when he says in a recent number of The 
Forum, using words which I cannot now exactly recall, that no one 
owes a “duty to science,” that duty is to mankind. Some men, says 
Professor Ladd, can best serve mankind by following out their 
instincts and exercising their talents for high research; but others 
can serve best in other ways. If the school teacher has the real 
fever for research in his veins, a mad passion for squandering 
months and years in the endeavor to find out something about, let 
us say, the thermal conductivity of metals or the resistance of 
galvanic cells, by all means let him give his passion free swing, 
provided he can do so without neglecting his primary duties. His 
labors will probably be, to use the happy phrase which the barber 
who lavished his professional zeal on me this morning applied to 
his own handiwork, “genteel, harmless and not too conspicuous.” 
That, at least, is what I find to be true of the majority of my 
own efforts at original research. But let no school teacher feel 
that his profession requires him to do this kind of work. He 
will be most happy, most useful and most respected in doing zeai- 
ously the thing he can do best. 
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CHEMISTRY IN EDUCATION. 


BY C. L. SPEYERS. 
Professcr of Chemistry in Rutgers College. 


I shall define the art of education as the art of showing how 
to find in outside Nature, in the external world, that which satisfies 
the demands of our inner nature, both physical and mental. The 
word is used in many ways I think; I shall use it in this way. The 
more educated a man is, the more numerous are his demands and 
the more numerous are the means for satisfying them. 

I cannot go into even a few of these different demands, much 
less all of them—time forbids that—but I can touch on one de- 
mand of an educated mind, namely, to know what the universe is 
made of, why does it behave as it does, what is its destiny? In 
so far as these questions refer to matter and energy, they are to 
find their answers in chemistry. As yet, in a very modest way, we 
do not know what this earth is made of, let alone another planet; 
we do not seem to know what the air even is made of. Nevertheless 
I would claim on account of what has already been done that these 
questions will in time find their answers in discoveries and theories 
properly belonging to chemistry, though perhaps in the far future 
when the answers come, what we now call chemistry will be then 
called something quite different, perhaps electricity, and the chem- 
ist an electrician. 

It becomes us therefore to treat chemistry as a very important 
factor in education for next in importance to the question of what 
is the destiny of man, and preceding this question as the founda- 
tions to it, are the above ones comprising the composition and des- 
tiny of the material universe. 

_ I would begin the study of chemistry at an early age, not in a 
book way, nor in a laborious way, but in a simple, homely manner, 
with the experiences of domestic life, and in a form of serious play, 
not in a form of a real study. I would begin with the little under- 
stood but very important operations of cooking. It is curious how 
little we know about the science of preparing food, but yet we know 
enough about it to make it a proper introduction to chemistry for 
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children. And I would include both sexes in this part of the sub- 
ject. Why not? Proper food and a knowledge of it is as important 
to man as to woman. At 10 years I should say would be a good 
age to begin; trial would show whether that was too early or not 
early enough. 

Bread baking would be a good subject to begin with. Quite 
a number of interesting things can hereby be brought out. How 
flour and water alone make a poor, unpalatable food; how a gluey 
consistency on the one hand and a hard, stony nature on the other 
must be avoided. Judicious questioning will lead the pupils to 
suggest a way of making the bread puffy by use of some gas. Ques- 
tioning should play a most important part in education, through 
the whole course of education, in the college as well as in the school, 
because scientific investigation in general is but a series of questions 
put to Nature, and it is exceedingly important that the pupil and 
student should be shown how to put good questions to nature by 
having good questions put to him. Then as to where the gas is 
to be obtained, which will finally lead into baking powders and into 
yeasts, showing the formation of a gas. In this way the children 
gradually come to see how intricate and interesting such a homely 
operation as bread baking is. Experiments should of course accom- 
pany these descriptions and as with gas stoves there is nothing dan- 
gerous, the children can make the experiments themselves, of 
course under the supervision of the teacher. Then should come a 
little historical sketch of bread making and a statement of how long 
it was before the true nature of bread raising became known, and 
how long it was before baking powders were invented. A com- 
parison between the healthfulness of yeast products and baking 
powder products should be drawn. Likewise a short description of 
flour making is to be given and the different constituents of flour 
shown, the gluten and the starch, and how the latter changes into 
glucose. 

Then some other domestic operation is to be taken up, say 
eandy making. The making of candy can become a very interesting 
study in crystallography. The making of the so-called “fondant,” 
a very finely crystallized sugar; and barley sugar and rock candy,— 
all involve very interesting facts. Together with candy making 
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can go a short description of the getting of sugar from sugar cane, 
and the occurrence of sugar in the beet root in abundance, and in 
other roots in smaller quantities. Then the relation that cane 
sugar bears to glucose, that this bears to plant nutrition, and the 
statement that though the chemist can change cane sugar into glu- 
cose, the reverse change cannot yet be made by him. 

Let the cooking of meat and vegetables follow the different 
effect of cooking in water or boiling, and cooking in fat or frying 
can be pointed out, and the difference between boiling, frying, and 
broiling made clear. A consideration of the liquid coming from 
boiled meat leads into soups and meat extracts. The small nour- 
ishing power of soups and ordinary meat extracts should be point- 
ed out. A comparison would likewise be desirable between animal 
gelatin and fruit gelatin, animal jellies and fruit jellies, the ani- 
mal gelatin containing nitrogen, the fruit gelatin containing none; 
and so on with other forms of food. 

In the spring time the subject of plant chemistry can be 
properly taken up. Let this begin with the seed in sterile sand. 
Then, by adding the proper ingredients and the improper ones, 
the child can find out what makes food for plants and what does 
not. Such experiments could not be made with animals without 
injuring the child’s sensibilities in a serious way. The great dif- 
ference between the food for plants and the food for animals 
should be carefully pointed out. . 

Then, operations connected with building, like the making of 
mortar and cement, and painting, can all be made very useful in 
cultivating the reasoning and observational powers of the children. 

Clothing should also be considered. The making of textile 
fabrics from cotton and from wool; the difference between cotton 
and wool physically and chemically, in relation to dyes. The sub- 
ject of dyeing could also be introduced in an elementary way, and 
the difference between dyeing and painting pointed out. 

How much time should. be spent upon such a course will de- 
pend upon the interest of the pupils and resources of the school, 
but the course should be so arranged that when finished the pupil 
is old enough to perceive that the substances hitherto used are so 
complicated that it is impossible to get a true insight into what 
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happens by the consideration of such complex things; that we can 
hope to get our ideas properly directed only by the consideration of 
simple things, but when so properly directed, then the complicated 
cases will at once open out into a collection of simple cases; that 
the preceding cases were intended to arouse his interest in a kinder- 
garten way, and that although he came to learn valuable things, 
yet the more immediate object was to arouse his interest about the 
true inwardness of things, so that he would be glad to spend a 
good deal of time in drudgery, so as to reach at last the proper way 
to advance the knowledge of the human race, either directly by his 
own researches, or indirectly by aiding others to do so. 

He is then ready to proceed to the scientific study of chemistry. 
The study can follow two lines; either the historic line, or that 
line which experience has shown to be the simplest, and leading 
directly to the desired result. For advanced students who fairly 
understand a subject, the historical study of this subject is of the 
utmost importance, for only in this way can they come to under- 
stand how great experimental difficulties are to be overcome, proper 
explanations reached, the subject put into an organized form, 
and so prepare themselves to carry on successful investigation. 
But I do not see how the student can understand the difficulties 
of pioneer investigation and the ingenuity displayed in overcoming 
these difficulties until he has made a fairly good survey of the whole 
science and is at home in it. Accordingly, I prefer to introduce 
the historical study of chemistry, and I speak only for chemistry, 
near the end of the course, not anywhere near the beginning of it, 
and as a preparation for investigation. And so I would take the 
other way, the shortest way, for beginners. 

Should physics precede chemistry, or should chemistry precede 
physics? This question can easily be answered for an ideal chem- 
ical course, because the time has passed when the science of chem- 
istry can be taught without previous knowledge of physics. We 
cannot interpret chemical changes any longer without calling upon 
those methods of experiment and those notions which are com- 
monly studied under the head of physics. But the physicist need - 
not study chemistry to get a large, comprehensive idea of physics. 
Chemistry is, of course, very desirable for an educated physicist; 
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he must have a good knowledge of it, but not nearly to the same 
extent that a chemist must of physics. So that I should claim, as 
a preliminary to a good chemical course, a thorough training in 
physics. Not, perhaps, finishing physics before beginning chem- 
istry, but keeping the physical studies far beyond the chemical 
ones. This is more difficult to do because the schoo] training in 
physics involves a considerable outlay in money for apparatus, 
much more than the chemical training does, and many schools 
cannot afford good physical courses, and so a student enters college 
with a training in physics inferior to the training in chemistry. 
Those parts of physics which involve chemical changes, such as 
galvanic electricity, photography, spectroscopy, can be considered 
under physical chemistry in the chemical courses. 

It'seems to me that the only objection the physicist can make 
to this arrangement is the immaturity of the student. He may 
claim that physics is so much harder than chemistry that a more 
mature mind is needed for it. But is physics so much harder? 
Physical phenomena are in general capable of very exact expres- 
sion and description, so that mathematical formule can be readily 
applied to them, and in consequence these phenomena are well 
organized and expressed in simple terms. This is not the case 
in chemistry. Even in organic chemistry, we are far from being 
able to express relations simply, and even in inorganic chemistry 
the only organization that we have is expressed in the periodic law 
which again is only a collection of some empirical rules. We find 
in general that the less organized a subject is, the more trained the 
intellect must be which masters it. And so everything seems to me 
to favor putting physics before chemistry, as much as possible be- 
fore it. In many colleges, however, the two sciences have to run 
side by side, and the teacher of chemistry must get along the best 
way that he can. ; 

Should we begin with analytical chemistry or with phenomenal 
chemistry or general chemistry, as the latter is frequently called ? 
Should we begin by teaching how to recognize substances or should 
we begin by considering the properties of substances without special 
reference to their detection ? 

Both ways have advantages. The older way was to begin 
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with analytical chemistry. When we do this, we plunge the student 
at once into a subject whose theory he cannot understand at the 
beginning, and so has to work at the subject as an art, not as a sci- 
ence. At the same time, analytical chemistry is an excellent dis- 
ciplinary subject, and with large classes in a laboratory perhaps 
better work can be done with that branch than with any other, but 
only when the classes are large, so large that the instructor cannot 
give individual attention to the student for more than a few min- 
utes at a time. Such a condition of affairs should not exist in 
college or university; the teaching force should be large enough 
to give one instructor to not more than 25 students, but this is not 
always possible. With explanatory lectures, good note books, and 
quizzes, a large class can be given a good knowledge of the art of 
qualitative analysis and incidentally some knowledge of experi- 
mental, inorganic chemistry and, considering the course as a whole, 
this arrangement will not be so bad. Class room work in the form 
of lectures on general chemistry should begin at the outset of the 
course, whether analytical chemistry precede general chemistry in 


the laboratory or not. 
(Conciuded in May ) 


THE PLANTING OF CHEMISTRY IN AMERICA. 
BY RUFUS PHILLIPS WILLIAMS. 


There were half a dozen centers for the early dissemination 
of chemical knowledge in this country. The first planting of the 
science on our shores was in connection with anatomy and materia 
medica, and but for medical schools, chemistry teaching would 
have been delayed for many a decade. Down to the year 1765, 
there was not a school of medicine on the American continent, 
and all physicians must necessarily study in Europe where the 
profession had been recognized for some 2,200 years, and where 
medical professors still gave their lectures in the Latin language. 
The honor of establishing the first such school here belongs to 
Philadelphia. This was natural, for during the last half of the 
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18th century, and for many years afterwards, the Quaker City was 
the Mecca of science as well as of literature. Here the first sci- 
entific society in America—The American Philosophical Society— 
was established in 1766, with Benjamin Franklin as president. A 
similar organization, due to the efforts of John Adams, was founded 
in Boston fourteen years later. This was the “American Academy 
of Arts and Sciences.” It may be mentioned that the only founda- 
tions for science work in the Republic when Washington became 
President were the two societies named above, one natural his- 
tory museum, one botanic garden and one private astronomical 
observatory. The first patent under the new government was for 
a chemical process, to make “pot and pearl ashes,” granted to 
Samuel Hopkins of Vermont, in July, 1790. 

Backward as science seems to have been, it was perhaps not 
much more so than other subjects. Charles Kendall Adams says 
that it was “nearly two centuries after the founding of Harvard 
College before the study of history in that institution had any 
standing whatever. It was not till 1839 that the study of history 
in any American college was first encouraged by the endowment 
of a special chair.” Harvard had that first chair and Jared Spark 
occupied it. 

New York, 

Though Philadelphia was the home of the earliest medical 
school, the first professorship in chemistry appears to have been 
created in New York in 1767. Previous to this, some little in- 
struction in medicine had been given to young men; the earliest 
recorded lectures being by Dr. John Bard and Peter Middleton 
in New York City. However, the first attempt to organize a 
medical school there was in 1767, and August 14 of that year 
ohe Dr. James Smith, brother of William Smith, the historian, 
was appointed professor of chemistry and materia medica, teachers 
in other branches being also chosen at the same time. The school 
was not opened till the following year, when it was placed under 
the direction of the College of the Province of New York, but was 
broken up by the Revolution and not reérganized till 1792. 
Smith’s term of service began in 1768 and ended in 1770, but 
his distinction is that of being the first regularly appointed pro- 
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fessor of chemistry in America. The redrganized institution was 
called Columbia College. There were at this time (1792) 55 
registered physicians in New York City. In 1807 was chartered 
the College of Physicians and Surgeons, and Columbia then be- 
came an academic institution. 

Pennsylvania. 

In 1765, through the efforts of two physicians, there was 
opened in Philadelphia the first medical school in the colonies. 
It was in connection with the College of Philadelphia, sixteen years 
after the founding of the latter institution. Still there was no 
chair of chemistry till August 1, 1769. This date is interesting 
as exactly five years, to a day, prior to Priestley’s classic discovery 
of oxygen, which led the way a few years later to the establishment 
of scientific chemistry. It was also a year after Professor 
Smith’s first lecture in New York. Before the school was opened, 
the requirements provided that chemistry should be taught, but 
there was no apparatus, and apparently no person qualified to 
give instruction. Dr. Benj. Rush was the first professor. When 
he went abroad and brought home as a present from “the Pro- 
prietary of Pennsylvania”—Thomas Penn—a set of chemical ap- 
paratus, it was such a novelty that the fact was widely advertised. 
This was 132 years ago. “When the Medical School was founded 
the science of chemistry was little more than a knowledge of 
some acids, alkalies, salts and earths, of which the most important 
ingredients were unknown. The composition of air and water 
was not understood. Oxygen, hydrogen and nitrogen had not 
been discovered.” 

The Revolution broke up the medical school as early as 1779, 
and but little is known of Dr. Rush’s success as a demonstrator. 
Ten years later the University of Pennsylvania sprang into exist- 
ence and there were two institutions in place of one, each having 
its professor of chemistry. For some time but little can be re- 
corded besides the names of those who successively held the re- 
spective positions. Rush had been transferred from furnaces and 
retorts to the theory and practice of medicine, and one, Dr. Caspar 
Wistar, took his place as professor of chemistry in the medical 
school of the college; Dr. James Hutchinson occupying a similar 
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post in the university. When in 1791 the college was merged into 
the university, Wispar was transferred to another department and 
Hutchinson retained the chemistry. On the death of the latter, 
three years later, the famous discoverer of oxygen, Joseph Priest- 
ley, who had just arrived in this country, was unanimously elected 
to the position, November 11, 1794. Priestley declined the offer, 
and no wonder, after a long life filled with political and religious 
strife which ended in his house being burned and himself driven 
from England. Not till the following year was the office filled, 
and then by the first man who seems to have made a marked im- 
pression in his specialty. This was Dr. James Woodhouse, elected 
July 7, 1795. He held the post till his death, fourteen years later. 
Of his first year it was said: “He went to work with zeal and 
delivered a course of lectures with great applause. As almost the 
whole of his time was devoted to the study of chemistry, he con- 
stantly added to the number, variety and brilliancy of his experi- 
ments. His enthusiasm was unbounded and his style sentimentally 
impressive.” Priestley called him the equal as an experimenter 
of any one he had seen in England or France. Chemistry teaching 
at that time consisted, besides recitations, of lectures and experi- 
ments by the professor before the class. There was no mention 
of laboratory work for half a century. Thomson says of a still 
later period of the science: “Chemistry at that time did not 
possess a single analysis which could be considered as even ap- 
proaching to accuracy.” The central idea by which all experi- 
ments were explained was the “phlogiston theory” founded by 
Stahl in 1702. It had held its place among English chemists for 
a century. It was a well established canon and practically all 
chemists believed the doctrine. It taught that every combustible 
body is a compound of a very subtle substance called phlogiston 
united to a calx, or an acid; that when a substance like carbon or 
sulphur burns, the flame shows the escape of phlogiston, and that 
any residual ash is the calx or the acid, left after the expulsion 
of phlogiston. It was a first attempt to explain chemical phe- 
nomena scientifically, and its advent, absurd as it now’seems, was 
a great advance over the doctrines of alchemy. 

But Lavoisier, in 1778, showed that in combustion something 
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united with the burning material and that the something was 
oxygen, discovered by Priestley four years before ; the fact that the 
substance increased in weight after burning he explained by its 
union with oxygen and proved that the loss in weight sustained 
by the air is equal to the gain in weight of the substance formed. 
The new chemistry gained an easy foothold in France, but not in 
England. Cavendish adhered to the Stahlian view, and the last 
chemical paper ever written by Priestley, 1803, was a defence of | 
this theory. Woodhouse explained his brilliant experiments by 
phlogiston, but he was the last American professor to inculcate 
the doctrine. 

As Philadelphia was the center of chemical study in America, 
Woodhouse became the teacher of teachers. Hither came Silliman, 
who had been appointed, in 1802, to dispense the magic art to the 
students of Yale, and Robert Hare—destined to surpass his mas- 
ter—was a student under Woodhouse. These two young men, 
soon to be the leaders of science in their generation, occupied the 
same room, performed together the experiments of their instructor, 
and studied phlogiston. When Woodhouse died, in 1809, the 
theory went out with him, and his successor, Dr. John Redman 
Coxe, taught according to Lavoisier. It was this Dr. Coxe who 
believed so fully in the efficacy of vaccination that he exposed his 
vaccinated infant child to smallpox, thus doing much to overcome 
the popular prejudice. Dr. Robert Hare, who was an unsuccessful 
candidate for the chair filled by Coxe, was the ablest of all the 
American chemists of that day, and when Coxe was transferred 
in 1818, he was appointed in place of the latter, having a few 
months previously accepted a like position in William and Mary 
College. He was accounted the most brilliant demonstrator of 
his time. After a service of 27 years he resigned at the age of 66. 
A report of the faculty in 1841 reads: “The chemical apparatus 
is, by the admission of all who have inspected it, unequaled in 
extent, variety and splendor. Individuals who have visited the 
schools of Germany, France and Great Britain agree in the state- 
ment that they have nowhere met with a laboratory so amply 
furnished with all that is calculated to illustrate the science of 
chemistry, as that of Dr. Hare.” This apparatus was largely his 


80 School Science 


own invention and make. On his resignation it was given to the 
Smithsonian Institution, but, unfortunately, was entirely destroyed 
by fire in 1865. 

When but twenty years old, this talented young man made 
one of the greatest inventions of the century, for which he was 
awarded the Rumford medal. It was the oxy-hydrogen blowpipe, 
then called the hydrostatic blowpipe. No temperature had ever 


_ approached that obtainable by its use, which made possible the 


fusion and working of platinum and other refractory metals, and 
opened up a new field of industry. Down to that time large 


' “burning glasses” and huge reflecting mirrérs were the chief reli- 


ance for the highest temperatures. The oxy-hydrogen flame has 
stood for a century as the highest heat attainable by combustion, 
though far outstripped in recent years by the heat of the electric 
furnace. Hare’s invention dates from 1801. With it he experi- 
mented before Priestley, Woodhouse, Silliman and other savants 
and accounts of it were published in the press of America and 
Europe. Professor Silliman later said: “With Mr. Hare’s blow- 
pipe I melted lime and magnesia and a long list of the most 
refractory minerals, gems and others, the greater part of which 
had never been melted before.” 

In electrical invention he was no less successful. Faraday, 
in 1835, having exhausted his resources in trying to make a satis- 
factory voltaic battery, found that Dr. Hare had nearly twenty 
years before accomplished that end; he accordingly adopted Hare’s 
“calorimotor,” as the battery was called by its inventor. 

Pharmacy was indebted to Hare for denarcotizing laudanum 
and for detecting minute quantities of opium in solution. In 
theoretical chemistry he strongly attacked Berzelius’s “salt radical 
theory.” He was “remarkable for the scale of his experiments, 
which were uniformly successful and impressed the mind by their 
grandeur.” His robust frame, imposing figure and large head; 
his graceful language, graphic descriptions and imaginative style; 
the originality of his experiments and the variety and extent of 
the apparatus employed all combined to make Hare one of the 
greatest of America’s chemistry teachers. He also wrote much, 
his contributions to the American Journal of Science being for 
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many years more numerous than those of any other writer. 48 
volumes of that journal contain 150 articles by him, besides which 
he wrote an elaborate text book of chemistry and various other 
works. 

Virginia. 

In 1776, the College of William and Mary in Virginia was 
the wealthiest and most influential of all the American institu- 
tions of learning, but during the Revolution all its endowment, 
except $2,500, was lost by the depreciation of paper currency. The 
school suspended operations in 1781 and the buildings were 
burned. The first mention in the college records of a professor 
of chemistry is in the year 1774, and the Rt. Rev. James Madison 
was that professor. Chemistry appears to have been his only 
subject and the record is silent as to his term of service, but ac- 
cording to the autobiography of Thomas Jefferson, it must have 
been a short one. Jefferson was appointed governor of the com- 
monwealth June 1, 1779, being elected also one of the visitors of 
the college. He says: “I effected during my residence in Wil- 
liamsburg that year, a change in the organization of that institu- 
tion, by abolishing the grammar school and the two professorships 
of divinity and oriental languages, and substituting a professor- 
ship of law and policy, one of anatomy, medicine and chemistry, 
and one of modern languages.” Dr. James McClurg held the 
second of fhese posts created by Jefferson—presumably till the 
breaking up of the college. It thus appears that the Virginia 
college was the third institution to employ a teacher of chemistry : 
-n fact it was the first one to teach the subject to under-graduates 
alone, uot as an adjunct to a medical school—uiuess, indeed, the 
creation by Jefferson of a professorship in anatomy, medicine and 
chemistry constituted such a school. After an interval of over 
thirty years, the record shows the next teacher to have been Dr. 
James McLean, professor of Natural Philosophy and Chemistry, 
in 1812. This “college of statecraft,” at which three of the four 
first Presidents of the United States graduated, has had some 
eminent teachers of chemistry, but the subsequent development 
of science at William and Mary does not specially pertain to the 
subject of this article. 
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Massachusetts. 


The’ first steps leading to the establishment of a medical 
school in New England were taken by the Boston Medical Society, 
of which Dr. John Warren was the moving spirit. This was in 
1780, but the plan was not matured till two years later, although 
Warren in his enthusiasm gave meantime some lectures on medi- 
cine at his residence. This school was to have among other things 
a professorship in chemistry and materia medica and Dr. Aaron 
Dexter was appointed to the chair. It was decided to have the 
institution located in Cambridge, and, besides the regular students 
in medicine, to allow such college seniors to attend as “had ob- 
tained consent of their parents.” The school opened in 1783, and 
boasted one graduate each year for the first four years of its exist- 
ence, though a smal] number more attended the lectures. Previous 
to 1813, there was an average of two to three graduates per year. 
It should be remembered that the communication between Boston 
and Cambridge previous to 1786, when the bridge was built, was 
by ferries or a long detour by land. Dexter seems to have left 
little record except that of “an eminently respectable character,” 
and in 1809 Dr. John Gorham was appointed adjunct professor 


of chemistry and materia medica. 
(Concluded in May.) 


BIOLOGY IN AMERICAN COLLEGES -ITS METHODS 
AND OBJECTS. 


BY FRANKLIN W. BARROWS. 


(Concluded from page 21.) 
Question I].—Do you offer a summer course? If so, what? 

Out of 92 institutions reporting, 63 answer “No.” 

Of the 29 institutions answering “Yes,” there are 8 which 
either conduct their own biological stations, or make constant use 
of the Woods Holl laboratory. This leaves about 20 “summer 
schools” conducted in the colleges reporting. 

Botany receives more attention than any other biological 
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study, 12 schools making it a specialty. Courses in general 
biology are offered in 5 schools, and zodlogy in 4. Each of the fol- 
lowing subjects is made a specialty in some one of the 20 schools: 
Nature study, physiology, entomology, teachers’ preparatory, bac- 
teriology, industrial biology and graduate research. Several col- 
leges report that they have had summer schools in the past but 
have discontinued them. 

Question I1].—What practical work, if any, do you carry on under the 
auspices of the government? 

Of the 92 reports, 26 mention some scientific work for the 
United States or their own state. Seven are connected with 
Agricultural Experiment Stations, and 6 with the U. 8. Fish 
Commission. The work of these 26 schools represents a wide 
range of labors, from plain “nature study” to the geographic 
distribution of fishes in the Pacific. Two colleges are studying 
grasses and other forage plants, two are making a specialty of 
bird migrations, while others are testing fruits and nuts with 
reference to their value as crops, studying the forest conditions on 
the great plains, the food of fishes in the great lakes, and the 
parasites of man and the domestic animals. One college professor 
is studying the annelids, and another the coelenterates of Porto 
Rico. A third man has assisted in working up some of the material 
from the “Challenger.” A fourth is investigating the sponges of 
the Atlantic. One of our leading biologists is celebrated for his 
careful investigations in the interests of the oyster industry of the 
Atlantic coast, while another university professor conducts experi- 
ments in the propagation of Atlantic oysters on the Pacific coast. 

Question IV.—Do you issue a bulletin or other biological publication 
from your laboratory? 

Only one of the replies need be quoted in full. It is from one 
of our largest and wealthiest universities. 


“The Zoological Department does not, and is opposed to the principle. 
The multiplication of publications that can have but a limited distribu- 
tion and life is bad.” 


Although this policy has much to commend it, there are 
apparently few institutions, except the smallest, that see fit to 
follow it. Fifteen of the 92 reporting issue regular bulletins, 
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and 7 more send out “occasional” reports and monographs. In 
one case the output of the biological department is confined 
entirely to pamphlets on nature study. Eleven other laboratories 
report that their work is reported in the form of articles in our 
various journals of biology, botany, etc. 


Question V.—What, in your judgment, is the chief aim and purpose 
of modern work in biology? 

“Too big a question. There are many aims and purposes.” 

“The correlation of biological with other phenomena—the discovery 
and explanation of developmental laws.” 

“To establish genetic and phylogenetic relationships and impress the 
student with the value of continuity of form.” 

“The origin and development of the human race and the proper train- 
ing and development of the individual.” 

“For college work the first'aim is to make biol a training subject 
with other studies of curriculum. The work should have proper sequence 
to prepare for graduate work.” 

“(a) Philosophical—to demonstrate the unity of nature. (b) Prac- 
tical—to furnish a substantial basis for a science of medicine.” 

“To increase that fund of human knowledge which bears most directly 
on the science of life. The practical importance is obvious.” 

“To put biology on a scientific basis, i. e., to advance beyond the old- 
fashioned descriptive teaching.” 

“Its educational value is in its training of the power of observation 
and of lucid exposition. Advanced study makes a valuable contribution 
to philosophical theory. To this latter purpose probably is directed the 
most important recent work.” 

“To accumulate, correlate and publish new facts in the life-history of 
organisms, in order to the ultimate construction of a philosophic sys- 
tem of them; an end to be hoped for only in some far dis‘ant future.” 

“To discover and demonstrate truth.” 

“The chief aim seems to be specializing on economic issues, for the 
purpose of making science useful, in its broadest sense.” 

“There is no one aim unless it be to know the truth. Problems of 
evolution, heredity, ‘physiological morphology,’ etc., are still as important 
as any others.” 

“First—To learn as much as possible about the origin and conditions 
of life, and about the structure, viial activities and relationships of 
organisms, with a view, 

Second—To apply this knowledge to the amelioration of man by giving 
him a better understanding of his own structure and activities and 
greater control over those conditions (climate, etc.) and organisms which 
are beneficial or harmful to himself.” 

“On the educational side training in the methods and the logic of the 


- observational study of nature. On the practical side preparation for 


the intelligent study of medicine.” 
“To bring the student to realize to the fullest extent the design and 
harmony in animate nature. To secure this result, the work must neces- 
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sarily be so conducted as to make it, at the same time, the best possibie 
training of the powers of observation.” 

“As a purely educational or culture study it teaches the student how 
far safely to generalize from particular cases.” me 

“Symmetry.—I think that morphology, physiology, ecology and tax- 
onomy should be kept abreast.” ; 

“As in other sciences, to further the advancement of knowledge, as 
the only means of emancipation from error and superstition.” 

“In my course it is to prepare for medical studies. Attainment of 
technical skill, cultivation of powers of observation, encouraging scien- 
tific investigation, and increase of general knowledge are points to be 
attained.” 

“1, To teach students to think seems to me to be the great object 
of all scientific work, outside of the technical school. 2. As a secondary 
object I should say that courses in biology are necessary as preliminary 
to an understanding of the doctrine of evolution—its evidences, and the 
difficulties in the way of the theory.” 

“For the begifner to know life in its various manifestations and 
relationships. ‘Lo study development from simple to complex. To ac- 
quire training in close observation and on expression. To find and 
stimulate the future investigator. This is college work. University work 
is more.” 

“1. From elementary, practical side—to teach practical utilization 
(economic, ethical, mental, oy | of the forces and resources of 
living nature. 2. From the side of research—to extend man’s actual 
dominion over living forces. Science is, chiefly, the knowing how best 
to do.” 

“Probably to acquire and tabulate facts in the subject. Of teaching, 
it seems to me, to give pupil best possible realization of what life is 
and what it has done and is doing in the world.” 

“Advancement of knowledge.” 

“1. Learning facts by personal observation, by reading and listening 
to lectures. 2. Thinking about the facts of Nature and trying to com- 
prehend them as far as possible. Fa Observation and reflection will 
almost inevitably lead to a feeling of sympathy and community of inter- 
est in all that lives.” 

“The chief aim of undergraduate collegiate work in biology at the 
present time is (or should be) so to instruct the pupil in the phenomena 
and principles of life as to fit him best to make the most of his own 

wers. This implies a thorough self-knowledge and a knowledge of 

is life as affected by his environment. This applies also, in university 
education, to the training for research and especially to biological train- 
ing in preparation for the medical profession, with the additional element 
more highly emphasized in these of acquiring knowledge of life, not only 
for the benefit of the individual, but for the welfare of the community 
at large.” 

“It gives the student a training different from that of any other 
department. It teaches the student: First, to search for facts, and sec- 
ond, to base his conclusions on those facts and not on imagination.” 

“First—To develop men. Second—To give a training and a basis 
of fact which shall enable the few to do advanced work along this line.” 


| 


| 


86 Scbool Science 


“Solution of the problem of heredity.” 
“To gain an accurate knowledge of animal and plant life.” 


“The establishment of truth.” 

“Immediately, the furtherance of pure science. Ultimately, the ameli- 
oration of humanity by, first, broader culture; second, the specific bene- 
fits accruing to the various branches of applied science.” 

“Pedagogically, to develop self-reliant men in harmony with their 
environment. Scientifically, to study the laws underlying and conditions 
leading to changes in organisms.” 

“To develop the scientific turn of mind.” 

To introduce the pupil into the methods of individual research and 
to develop originality of thought and unbiased judgment. 

To foster a love of nature and bring the pupil into a knowledge of 
the forms of life.” 

“To minister to man’s two great needs—the practical need of better 
adjus‘ment to environment etc., and a theoretical need of an explanation 
of why things are as they are.” 

“To find out things.” 

“Depends on the kind of institution where such work is pursued. 
In our school and for the students in the academic and normal depart- 
ments it is: To acquire knowledge of life in nature, and to train their 
power of observation. For the students in our college department, I 
would add: To become acquainted with modern methods of investiga- 
tion.” 

“To know ‘man’s place in Nature’!” 

“First—To give a student some knowledge as to the origin of life 
and the transmutation of species. Second—To teach him to observe 
carefully and labor patiently for results, relying on nature itself to 
reveal truth, rather than on books.” 

“In college work, to train the general student in methods of dealing 
with the facts and phenomena of nature and to equip future biologists 
for specialization.” 

“Study of the nucleus and its bearing on heredity. More careful 
study of life in its relations to Man should receive more attention.” 

“There are two aims in this country: namely, cytology, of purely 
scientific importance, and economic investigation, of great practical value. 
Both are very strong in this country, but vegetable pathology has reached 
a proficiency in this country that is unexcelled. This, from my point 
of view, I would state is a typically American feature of our botanical 
work.” 

“The acquirement and extension of natural knowledge, the cultivation 
of human faculty, and the better conduct of life, based upon and guided 
by a more intimate knowledge of and a closer touch with Nature.” 

“Its aim should be to teach function rather than structure, both ta 
students of medicine and as a part of a liberal education. Perhaps I 


should say—structure as a preliminary to function, using the latter term 


in the broadest possible sense.” 
“To give man an understanding of the living world about him, of 


_ his relations to it, and of himself.” 


“It ought to be, to teach man what life is, his relation to life and 
his relation to his fellowman.” 
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“To render the student ordinarily intelligent in regard to the general 
"Aa je of bio.ogy, as a help in using common sense in the ies of 
life.” 


“Aside from mental training and advancement, the aim is to improve 
sanitation, medicine, surgery, agriculture, horticulture, etc.—not simply 
to support some pet theory.” 

“I do not understand this question.” 

“(a) Training in critical observation and interpretation. (b) The 
information and culture demanded by modern life.’ 

“To acquire knowledge of living organisms and underlying laws or 
principles, with the applications to human interes‘s, in medicine and 
various industries, that may follow such knowledge.” 

_ “Don’t know just what the question means—investiga‘ion or instruc- 
tion? And don't know how to answer.” 

“In general, to awaken an intelligent interest in Nature. In particular, 
to prepare for a professional education.” 

“1. To awaken and direct interest in Nature. 2. To teach the laws 
of sound living. 3. To train the mind to patience, the eye and hand 
to accuracy in noting and expressing details.’ 

“As a rational basis for philosophy.” 

“To find out laws which control organic iife.” 

“Research, to solve mooted questions. To cultivate power of original 
observation and thought in students. To broaden the intellectual hori- 
zon, and to overcome narrow orthodox views. Each worker’s environ- 
ment deiermines in a measure the trend of his personal work.” 

“rt. An insight into fundamental life processes, and their correlation 
throughout entire living world, oe man. 2. An insight into 
phylogeny, as the key to a true history of lite. 3. <A scientific foundation 
for medical and sociological work.” 

“In the college, primarily, to train the student in accurate and truth- 
ful habits of observation and thought. Biology leaves the impress of 
scientific method upon the average mind more efficiently than any other 
science. Secondari.y, to acquaint the student, thoroughly and sympathet- 
ically, with nature in its common aspects, and with his own body. In 
the university certain professional or technical aspects may legitimately 
become the chief aim and purpose,—not so in the college.” 

“If by work you mean educational work: to give people sources of 
interest in after life as well as present, and to help them to appreciate 
the scientific method, and to believe in the results—that is, to be more 
rational.” 

“To throw light on the Evolutionary Hypothesis.” 

“Training in accuracy of work. Clearness in reasoning.” 

“To find an answer to every reasonable question concerning living 
things and make the knowledge of living things as useful as possible to 
man.” 

“This is a very large question and I can answer it here only in a 
broad general way. To get at the nature of Living Beings, I should 
say. 
_“To teach students to do, not to learn what others have done and 
said.” 

“Beg to be excused.” 
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“Training of powers of observation and acquisition of knowledge of 
the laws of organic development.” 

“For a university, investigation; from the teacher's standpoint, dis- 
cipline.” 

“Discovery of causes of formative processes of organic development.” 

“To gain some knowledge of the structure, physiology and taxonomy 
of piants and animals, so that we may have some idea as io their origin, 
individually and phylogenetically, and their relationship to one another 
and to their environment.”..... “I am not certain that my answer is the 
best, but it comes pretty nearly expressing what has been in my mind for 
a long time.” 

“Seeking to know the laws that govern life, and contributing to a 
‘perfect culture’ as defined by Huxley.” 

“I consider modern biology as the natural avenue to medicine. Theo- 
retically it is a factor in educa‘ion and praciically it leads to a knowledge 
of the natural resources of the country.” 

Here are seventy-four of the eighty replies vouchsafed by 
ninety-two professors. It is not to be wondered at that a dozen of 
these biologists refused to commit themselves on such an important 
question, or that a half-dozen couldn’t understand the point,—or 
something of the sort. Who that knows much of our professors of 
science would expect more than four-fifths of them to hold very 
clear ideas as to what they are driving at? How many readers of 
ScHOOL SCIENCE, by the way, can define distinctly their own 
aims or the aims of the leaders in their special lines of work ? 

Even those who have sent in straightforward answers to this 
question have in many cases protested against the inquisition, and 
thus, we hope, felt the necessity of particular caution in commit- 
ting themselves. For this reason the answers are worthy of careful 
consideration in themselves, and need only a brief analysis. 

One-third of these opinions consider the science of life a suffi- 
cient end in and of itself. More than half of them regard the 
development of the observational powers and the acquisition of 
a scientific method as the chief aim. One-quarter of the opinions 
rank evolution and heredity as the leading biologic questions, 
while as many more would place economic biology at the front. 
One-sixth of these professors teach biology mainly as a prepara- 
tion for the study of medicine,—a service that does not meet with 
the recognition that it deserves in most of our medical colleges. 
One-sixth aim to discover the truth for its own sake, or as a basis 
for a sound system of philosophy. About one-tenth believe that 
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the highest purpose of a course in biology should be to implant in 
man a real interest in nature. 

Probably nearly all of these teachers would agree with Pro- 
fessor Sedgwick, of the Massachusetts Institute of Technology, 
that our study of biology is tending toward a “better conduct 
of life, based upon and guided by a more intimate knowledge of 


_ anda closer touch with Nature.” 


SHALL THE PREPARATION OF A HERBARIUM AND 
THE IDENTIFICATION OF SPECIES FORM A PART 
OF THE REQUIRED WORK IN BOTANY IN 
OUR SECONDARY SCHOOLS ?* 


BY GILBERT H. TRAFTON, 
Normal School, Randolph Center, Vt. 


It is something of a temptation to assign myself the pleasant 
task of culling out from the things that might be said on this 
subject only those that would meet with the approval of you all. 
But however pleasant such a task may be in thought, I find two 
serious objections to such a procedure. In the first place, with the 
present unsettled conditions of methods in teaching botany, it 
would be an extremely difficult, if not almost impossible undertak- 
ing to find those things upon which all would agree, without re- 
ducing my remarks to such small compass that they would not 
justify my appearance here. But secondly and for my purpose 
more important, I consider that the benefit to be derived from our 
discussion will be greater if we attack those difficult problems 
that we encounter in our teaching and see if we can find any sug- 
gestions concerning their solution. Accordingly, I propose to dis- 
cuss one of the much debated questions of botany teaching: Shall 
the preparation of a herbarium and the identification of species 
form a part of the required work in botany in our secondary 
schools? And as I propose to discuss this question in its bearing 
~~ *Read before the Vermont Botanical Club in Burlington, Jan, 25, 1902. 
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on our local, Vermont conditions, our problem will still further 
resolve itself into the consideration of courses of a half year or less, 
as there are very few schools in our state that give two terms to 
botany, as far as I know, none that give a whole year. 

From statistics taken by Professor Jones a few years ago, I 
infer that I shall have many critics defending my own answer to 
the question, which is expressed emphatically in the negative. IL 
wish, first, to state some of the objections that may be raised against 
the methods which we have under discussion, then to indicate 
briefly what the new botany has to offer in place of the old, and 
finally to show how some of the authorities of our country stand on 
this question. 

Against the preparation of a herbarium as required work, I 
see the strongest objections and I could find no justification for 
myself should I require all my students to be stretched on this Pro- 
crustean bed, although it might be left as optional work for the in- 
terested few. 

The kind of work necessary to get the flower finally prepared 
for keeping is largely not botanical. That part of it which brings 
the student into the field to see nature first hand is most admirable, 
but from there on, the laying out of the flower that it may be beau- 
tiful in death, the applying of dryers, the adding of weights, the 
frequent changing of dryers, the transferring to the mounting sheet 
and its attachment there, together with the other details necessi- 
tated do not teach the student botany. And the value that such 
a collection might possess had it been obtained with some definite 
plan in mind to illustrate the principles of morphology and ecology 
is entirely lost by allowing the student to collect at random any 
plants, so long as the required number has been secured. 

Against the use of keys for the identification of species, I 
would offer first the objection that such work is too diffictlt for the 
average student in our botanical courses, which are usually placed 
in the first years of the high-school curriculum. The determina- 
tion of species, as the members of this Botanical Club. well under- 
stand, is a work for the specialist, not for the beginner. In thus 
introducing our boys and girls to the species, at the very outset we 
are bringing them into one of the most puzzling and disputed 
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realms of biology. What is a species? I should almost venture 
to say that hardly any two of our definitions would agree. Our 
biologists are realizing that it is a difficult thing to draw a hard and 
fast line between allied species. The more individuals and varicties 
are studied, the more bad species are found, till some are almost 
ready to assert that if we knew the life around us thoroughly, a 
majority of our species would prove bad. Thus whether we shall 
call two allied forms species or varieties depends upon our ignor- 
ance of or acquaintance with the intermediate forms. And so this 
question of species has come to form one of the disputed fields of 
the Weismannians and the Neo-Lamarckians. 

Another objection to the use of keys is that the student ac- 
quires a very one-sided and partial idea of plants. The flower 
forms the basis upon which the determination of species depends, 
and as the student continually studies flowers and flowers alone 
or chiefly, it is no wonder that in many minds the word flower is 
almost synonomous with plant, and naming plants by means of 
the flower, synonomous with botany. To be sure, in the study 
of flotyers there is opportunity to study that beautiful interdepend- 
ence @f insects and flowering plants, but even this is usually over- 
lookeg 4n the mad scramble to secure the fiftieth plant. 

And lastly against the specialized and detailed study of the 
Angiosperms by either or both of these methods which are under 
discussion, 1 would object that the plan is unsymmetrical and out 
of proportion. From the four great subkingdoms and the eighteen 
to twenty classes one single class is selected and a large part of 
the time is spent on the flowers of the plants found here to the 
exclusion, not only of all the rest of the plant kingdom, but of the 
really essential features of that very class which is being studied. 
If this plan is defended on the ground that it is better to study the 
common plants and those which do not require the use of com- 
pound microscopes, one would naturally ask why, then, other plants 
which meet these conditions have not been included, such as the 
conifers, ferns, mosses, horsetails, lyeopods and mushrooms. 

Let no one misunderstand me as saying that this work which 
I have been condemning is of no value to the student. That is far 
from my purpose. My contention is that the time thus spent can 
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be occupied otherwise with far more profit. And right here is 
my strongest point. All I have said would be valueless were there 
nothing to offer in the stead of that which I would displace. My 
chief argument is that the new botany has vastly more to offer 
than the old. Accordingly it will be in keeping with my subject 
and purpose to outline briefly what the new botany has to offer to 
substantiate this claim. 

At the outset 1 wish to say that no expensive apparatus is 
demanded. I understand the conditions in many of our schools 
well enough to know that if the new botany required a large outlay, 
it would be unpractical for me to discuss the matter here. But such 
is not the case. Expensive apparatus is often convenient but not es- 
sential. The financial question, therefore, need not enter into our 
discussion. 

The contrast between the old and the new may be briefly ex- 
pressed by saying that the old is the study of the dead, the new, the 
study of the living. We find here the same spirit that is permeating 
so much of the modern teaching of biology and geography. It is 
hardly necessary for me to say that boys and girls are much more 
interested in life and the living than in the dead and the dying. 
And not merely is it a question of transient interest, but that 
knowledge of plants which will prove of lasting interest and benefit 
to the boy as he grows to manhood is also connected with the life 
problems of the plant kingdom. To give but two instances. The 
dismantling of our beautiful country by the removal of the forest 
is a menace to coming generations. How better can this danger 
be averted than by teaching our boys and girls about the life work 

‘and problems of the trees and the dependence of mankind upon 

their proper care? And again, many of our boys will engage in 
agricultural pursuits. Proper instruction in the life processes of 
plants may foster an interest in and prove the basis of more careful 
study of those problems, the understanding of which will enable 
the farmer to be more successful with his crops, forests and or- 
chards. 

The various phases emphasized in the new botany may be 
placed under three heads, physiology, ecology and morphology. 
And for convenience we may divide the last head into three sub- 
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heads, general morphology, or the study of types; gross morphol- 
ogy, or the study of the plant organs; and special morphology, or 
the detailed study of the Angiosperms. The place to be assigned 
to this last topic is the question which we have under discussion. 
Whether general morphology shall form a part of the half year 
course or not, is one of the questions on which authorities differ, 
although they lean toward the negative. And as our Vermont 
schools can not generally afford the apparatus necessary to make 
such a course profitable, we will eliminate this topic from our con- 
sideration. Thus we have left for our discussion physiology, ecol- 
ogy and gross morphology. Because it is convenient and customary 
to speak of these topics separately, it must not be inferred that they 
should he treated so in actual study. The physiologist finds it 
convenient to describe separately the heart, arteries, veins and 
capillaries; but in actual dissection they are studied as parts of 
one great system. Likewise the various topics of botany must be 
closely related in study as they actually are in nature. A slight 
knowledge of gross morphology may form the center around which 
may be woven and interwoven the facts of physiology and ecology. 

I know of no better way than to trace the history of an indi- 
vidual seed plant through all its stages of growth, beginning with 
the study of the seed, followed by that of the root, stem, leaf, 
flower and fruit, thus bringing us back again to the seed and com- 
pleting the cycle. In connection with the study of the morphology 
of the plant organs should be taken up the work done by them, that 
is, physiology ; and their problems, that is, ecology. In short, create 
and foster in the student an intimate, personal and living interest 
in the great plant world around him. 

While studying seeds, the wonderful adaptations for their dis- 
persal should receive attention, by field work when the season per- 
mits. Experiments may be performed to ascertain the conditions 
necessary for germination. With germinating seeds, also, may be 
shown the need of oxygen for the respiration of the plant, and 
thus the truth may be emphasized that plants, as well as animals, 
require oxygen. The path of the sap in the root and stem may be 
shown by using colored liquids. Osmotic pressure may be demon- 
strated by means of an egg. In connection with the study of the 
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leaf, experiments should be performed to show photosynthesis and 
transpiration. While studying the flower, the relations of insects 
and plants and the remarkable adaptations for cross-pollination 
should receive attention. 

That most remarkable of all the plant’s powers, its irritability, 
as shown in hydrotropism, geotropism and heliotropism, should 
be carefully studied ; and more especially should be emphasized the 
light relations of the plant and in particular of the leaves. The 
mechanism of animals for response to light is extremely crude 
compared with the wonderful sensitiveness of the plant which 
brings about those most marvelous and delicate adjustments that 
best adapt it to its environment. Field excursions should be taken 
to study these adjustments in the common trees. Before the leaves 
appear, the branches should be closely examined and the record of 
their struggle for sunlight deciphered. A little later, the leaves 
should also be besieged to reveal their story. For these studies, I 
have found the maple most excellent. 

(Concluded in May.) 


A MOUNTING FOR AN OSCILLATING MIRROR. 


: BY E. C. WOODRUFF. 
Instructor in Physics, La Grange (lll) High School. 


Many experiments in elementary physics as described in the 
laboratory manuals involve errors inherent in the methods given 
greater than the observational errors of the veriest tyro. Obviously 
such methods are not desirable. The most sensitive and accurate 
apparatus compatible with simplicity and ease in working is just 
as desirable for those experiments which are intended mainly to 
vivify laws, as for those whose results have in themselves an 
intrinsic value. While the high-school laboratory should not be- 
come merely a place for training in manipulation, still it seems 
highly desirable that most experiments not otherwise too com- 
plex should include a certain amount of training in method and 
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mechanism just a little above the previous experience of the pupil. 

There is a certain method of observation rather neglected in 
high-school work in spite of its simplicity and general applica- 
bility. The mirror and scale method, with or without a telescope, 
is the method to which attention is called. Perhaps a general de- 
scription of the theory and practice of the method will not be out 
of place before taking up the special reason for the writing of 
this article. In general, then, when one wishes to measure a small 
rotational motion, or its equivalent, one attaches a mirror to the 
rotating body, sets up at a convenient distance from the mirror a 
scale perpendicular to the axis of rotation, and then observes 
through a suitably placed telescope the motion of the image of 
the scale in the mirror. In Fig. 4, 7 is the telescope, r the scale, 


Fig 


and m and m’ the mirror in two positions corresponding to the 
positions of the body, L and L’. Let d be the distance from 
mirror to scale, and n and n’ the normals to the mirror in its two 
positions. Suppose that initially, in the position m the normal n 
passes through the zero line of the seale and also along the optical 
axis of the telescope. Then the observer will see the zero line | 
coincide with the cross-hair of the telescope. Now if the body, 
mirror and normal rotate through the angle a to the positions L, 
M’ and N’ the mirror will be in the position to reflect light from 
the scale division on the line P along the axis of the telescope. Let 
r be this scale-reading. Then the large apparent motion r is what 
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is directly observed instead of the relatively small displacement / 
of the point F” in the rotating body, and the motion of F’ is 


magnified in the ratio . which ratio may be of any convenient 


value controlled by varying d. Now the observer is in a position 
to do any one of three things: 

(1) A small motion of the body may be easily detected. 
This is the use of the method in the “zero methods” in galvan- 


ometer work. 

(2) One may compare successive motions of the body by cal- 
culating from 5 == tan 2 a the ratios of the various a’s, or if 
the angles a are all small the ratios of the successive r’s will give 
the relative motions with but little error. 

(3) One may calculate the actual displacement / from a 
knowledge of L, d, and r. This may be done in two ways: 

(a) tan 2 a;—(i), and = tan a (nearly) ;—(ii). 

Solve (i) for a and then solve (ii) for /. 

(6) Ifa is small, 

= winger (very nearly). 

Method (b) is perhaps the best for student use since it is so 
easily grasped (as an approximation) from similarity of triangles. 
The error involved is very small, about 144 per cent when ai is in 
the neighborhood of 3°, as will be shown in detail later. 

All three ways of using the method are used successfully by 
the writer’s pupils, each in at least one experiment. There are 
certain standard experiments, notably those in elasticity of flexure, 
extension and torsion, which seem as described in recently pub- 
lished manuals to have the defects mentioned at the beginning 
of this article. The plan for a mounting for an oscillating mir- 
ror submitted in the accompanying drawing is designed to show 
how an oscillating mirror may be used in experiments of the above 
mentioned types, and especially in the measurement of elasticity 
of flexure. The special objects of the design were to secure ease 
in assembling apparatus, steadiness and uniformity in action, ease 
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in attaching the device to rods, tubes, and bars of widely differing 
cross sections, and the adaptability of the one design to many 
experiments. Likewise it was desired to have something that could 
be constructed from common stock, with simple tools, and yet 
that would admit of as exact and substantial a construction as one 
could wish. Fig. 1 shows a front elevation without the counter- ) 
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poise. Fig. 2 shows a side:elevation with the mirror omitted, but 
with an indication of the method of attachment to a bar under 
test. Fig. 3 shows a top plan of the lever arm LZ and cross bar B. ) 
The dimensions of the various parts can be deduced from the size | 
of the mirror, one by three inches. All the metal work is of 


brass. Most of the details of construction will be sufficiently evi- 
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dent from the drawing. The letters indicate the same parts in the 
four figures. C is a counterpoise of such a value as to offset the 
weight of the lever L, and to furnish a slight restoring force. 

A special feature is the use of the three silk threads F’, F’”, 
and F’”, pinched under the thin washers w’, w”, and w’”. The 
motion is as perfect as one could wish, and occurs where the threads 
are flexed just as they enter the cracks between B and w’”’, and 
Land w’. 

The actual strain of the bar can be readily calculated from 
the length of Z and the measured distance from the mirror to the 
scale. The attaching of whatever object whose motion under stress 
is to be observed is accomplished simply by the use of small wire 
hooks and loops of thread. 

The details of an actual experiment as performed by students 
are cited below; taken, with a few slight changes, direct from 
their note books: 

January 22, 1902. 
ELASTICITY OF FLEXURE OF A BRASS ROD. 
Diameter of rod = 0.64 cm. 


Mirror to scale.........178 cm. = d@. 
Lever arm of mirror....4.3cm. = Z. 
| Length 100 cm. | Length = 50cm. 

Difference 96 Difference 20 me. 
20 16.65 3 60 3.60 12.25 0.50 0.50 
40 20.35 7.30 3.65 12.7+ 0.95 0.47+- 
60 24.05 11.05 3.68 13.2+ 1.45 0.48 

80 28.05 15.00 3.75 13.65 1.90 0.47+ 

100 31.4+ 18.35 3.67 14.1 2.35 0.47 
0 13.05 asta 11.75 

120 35.15 22.10 3.68 14.55 2 80 0.46+ 
0 13.05 11 75 

140 38.9— 25.85 3.69 15.05 0.47 

160 43.05 39.00 3.75 15.55 3 8) 0.47+ 
0 13.0— 11.75 ions 


‘ 
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180 48 85 33.85 3.76 0.47 
200 50.5 $7.5 3.75 16.45 4.70 0.47 


Not: To stop vibration the tab'e was supported on fou~ rubber stoppers, and a 
second pan submerged in water was attached below the scale pan pruper. 
CALCULATIONS : 

(a) With a stress of 200 grms.; 
Scale reading : 
-For 100 cm, length = 37.5 


“ 50 “ o = 4.7 
_ 100) 
But = 7.97 -+,and = 8 


.’. The strain varies as the cube of the length. 
(6) To calculate the actual deflection : 
For 100 cm. length and 200 grms. stress ; 


ZL 4.3 
Actual deflection = 7 = r — = 87.5 = 0; . 
ctual deflection r. 37 x oy 178 0.4529 cm 


(c) To calculate Young's Modulus : 

For a rod supported at both ends, 
_ 4 Weight x (length)* 

_ 4 200 x (100)* x 178 x 2 

~ w & (u.64)* K 4.3 37.5 
= 1117 Xk 10 grams. 
= 1.094 x 10" dynes. 


Curves, of course, were constructed showing the stresses as 
abscissas and the strains as ordinates, which curves demonstrated 
Hooke’s law admirably. 

It will be noticed that the student used the approximate for- 
mula for calculating the actual strain. If the strain is calculated 
by trigonometry, one gets 0.4492 cm. The error, then, is about 
0.03 millimeter or less than 1 per cent. However, the angle was 
large, about 6°. Taking the strain for a stress of 100 grams and 
making the same calculation one obtains: By approximate for- 
mula | = 0.2216 cm.; by trigonometric formula |] = 0.2211, or 
an error of about 0.005 mm. or less than 14 per cent. The angle 
was nearly 3°. 

Ordinarily the pupil would not calculate Young’s modulus, 
nor solve for 1 by trigonometry, though either step is simple enongh 
for the stronger purpils. Even if one cannot deduce the formula 
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for the modulus by flexure, still it is of value to caleulate the 
modulus, the formula being assumed, so as to compare with the 
modulus by extension. None need have difficulty with the deri- 
vation of the formula for extension. : 

A partial list of experiments to which this device is applicable 
would read as follows: 

(1) Elasticity of flexure. 

(2) Elasticity of extension. 

(3) Elasticity of torsion. 

(4) Coéfficient of expansion by heat of solids, liquids and 


(5) Instead of a cathetometer to measure small distances. 

(6) As a sensitive balance by hanging a scale pan from L. 
The observer can place the telescope alongside the mirror by using 
an auxiliary, stationary mirror placed near the scale. Either the 
method of constant deflection or Hooke’s law can be used, just as 
with the Jolly balance. 

(7) Instead of using a pointer on any balance, 1 might be 
attached to the beam and deflections observed in the mirror. 

(8) As a magnetometer, especially for exploring a magnet 
from end to end. 

(9) As a suction ammeter, 

(10) As a suction voltmeter. 

(11) To demonstrate the laws of moving mirrors. 

(12) To measure the diameters of wires or the thicknesses 


of metal plates. 

(13) To measure the angles subtended by inaccessible ob- 
jects, either terrestrial or celestial, the telescope remaining fixed. 

In numbers 1, 2, 3, 4, 6, 7, 8, 9 and 10 the mirror would 
be fastened to the moving object. In numbers 4, 5, 12 and 13 a 
screw motion mechanism would be fastened to L, either with or 
without a micrometer head. To be sure, all of these possibilities 
are not adapted to high-school work. Numbers 1, 2, 6, 8, 9 and 
11, however, are especially desirable. Pupils seem to have no 
difficulty in assembling or using the apparatus after it has been 
once set up, explained, and taken down. I wish to empRasize 
the teaching value of the “taking down.” 

If any teachers contemplate using such an apparatus for such 
work, I should be glad to hear from them with regard to any 
difficulties or any successes they may have. 


‘ 
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ANOTHER HELIOTROPE. 
BY E. C. CASE. 


A great many heliotropes have been devised for experiments 
in physiography to determine the height of the sun, but I have 
one that seems to me to present certain simple and advantageous 
features. It consists of two supports, a and b, (Fig. 1), fixed 
rigidly ata right angle. In the upper face of b is fastened a 
{-" narrow strip of mirror so that its upper face is exactly perpendic- 
ular to the upright a. In making the apparatus, I plumbed the 
upright, and then cut a small hole in the base and filled it with 


Fiz. 1. Fig. 2. 


plaster of Paris, in which I laid the strip of mirror and leveled it 
| withga small pocket level as the plaster set.. A protractor was 
then set up with its middle point on the center vf the strip of 
| mirror, and a thread drawn to the upright, marking every degree 
from 15° to 75°. The greatest length of the strip of mirror is 

across the base, of course. 
The method of use is simply to set the heliotrope in the sun 
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and read the middle point of the reflection cast on the scale. The 
real noon can, of course, be determined by noting the highest point 
of ascent, though this is not very exact. The azimuth of the sun 
can be determined, the noon line or true north once determined, 
by turning the apparatus toward the sun, one end of the base being 
fixed on the noon line, until the middle of the reflection lies upon 
a line ruled down the middle of the upright; then the angle of the 
apparatus to the true north line is determined, and we have the 
sun position in alt- and azimuth. 

My method of explaining altitude experiments to the class 
is as illustrated in Figure 2. It may be old, but I haven’t seen it 
anywhere. The sun’s rays are parallel to themselves and fill a 
space certainly much greater than the earth. Then, if the sun is 
tangent at Milwaukee (Lat. 43° N.), they will be vertical over 
47° S. latitude. This is shown by the whole line and dotted line 1. 
If the sun is vertical over the tropic of Capricorn, 2314° S., the 
ray, parallel to this vertical ray, which strikes Milwaukee will be 
- 231° from the tangent to Milwaukee, just as the vertical ray is 
2314° from a point 90° from Milwaukee, and so the sun at Mil- 
waukee will appear 2314° above the horizon. (Whole and dotted 
lines 2.) When the sun is vertical over the equator the parallel 
_ ray at Milwaukee will cause the sun to appear 47° above the hori- 
* zon, for just as the equator is 47° from a line 90° from Milwaukee, 
so the ray striking Milwaukee will be 47° from a ray tangent to 
Milwaukee. So, for the summer solstice the sun will appear 701° 
above the horizon. 

Now, if a mirror were placed parallel to the horizon at Mil- 
waukee, the law of reflection of light would cause the light from the 
sun to fall on a convenient scale and register the sun’s height 
directly. 

The advantage of this device is its exceeding simplicity and 
ease of setting up. The height of the sun can be read directly, 
and its change of position is very noticeable. My very hastily 
constructed model reads readily within a quarter of a degree of my 


transit. 
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MAGNETIC PHANTOMS. 


BY JESSE H,. GARNER, 
Professor of Chemistry and Physics, Findlay (Uhw) College. 


In the study of magnetism, we often illustrate the field of 
force, lines of force, and the law of attraction and repulsion of 
poles by means of iron filings on a sheet of paper or glass, under 
which is placed the source of magnetism. It is often advantageous 
to preserve these magnetic phantoms, and | shall give a few simple 
processes (not original with me) that have proved successful in 
our laboratory. 

These processes may be grouped under two heads, chemical and 
adhesive. 

Of the chemical processes, two are given below: 

1. Tannic acid. A solution of tannic acid may be prepared 
by boiling 10 grams of powdered nutgalls in 60 ce. of water for 
several hours, from time to time replacing the water lost by evap- 
oration. 

If now a magnet be placed in position below a plate of glass 
and iron filings be sprinkled upon the glass, they will arrange 
themselves into a well-defined figure upon tapping the plate with 
a pencil. The filings should not be too fine and they may be 
sprinkled from an ordinary salt shaker. 

A piece of writing paper is now coated on one side wth 
the tannic acid solution, using a camel’s hair brush or a tuft of 
cotton to spread it. Immediately place it, wet side downward, 
on the filings, place another sheet of paper above it and press down 
gently. Raise the paper carefully so as not to disturb the filings 
which stick to it, and lay aside to dry. When completely dry, 
brush off the filings and there will remain a mark wherever a 
particle of iron came in contact with the tannic acid, 

2. Photography. This method is the best we have tried, 
though where the item of expense must be considered, it is at a 
disadvantage. Furthermore, it requires a dark room and some 
knowledge of photographic processes. 

Any of the ordinary dry plates may be used, though slow plates 
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are perhaps the best. In the dark room, using red light, place the 
magnet in position under a dry platé having its film side up. 
Sprinkle on the filings and tap as described above, then light a 
match and hold it about one foot above the plate for a short time. 
This time depends on the speed of the plate, but usually sufficient 
exposure is obtained before the match is completely burned. De- 
velop and print as with an ordinary exposure in a camera. This 
gives a clear-cut phantom and has the advantage of supplying as 
many copies as one cares to print from the negative. 

Of the adhesive processes, three are given below: 

1. Shellac. Bleached shellac is dissolved in enough alcohol 
to make a thin varnish. The phantom is produced on a piece of 
paper or thin cardboard by placing a magnet in position below the 
paper and sprinkling filings on above as in previous cases. By 
means of a glass tube used as a pipette the shellac is made to flow 
over the paper and among the filings, care being taken not to dis- 
arrange the particles of iron. This shellac soon hardens and thus 
retains the filings in their places. 

Another method of using shellac varnish is as follows: A 
piece of paper is coated with the shellac and allowed to harden suffi- 
ciently to prevent the filings sticking to it. A phantom is then 
made on this piece of paper and when the particles are all in 
place, steam is made to pass over the surface of the shellac. The 
heat softens the varnish enough to take hold of the filings and on 
again hardening they are held in place. 

2. Paraffin. Paraffin wax is heated until liquid, and one side 
of a piece of paper or thin cardboard is coated with it. When 
cold, produce a phantom upon the paraffined surface, then heat 
by holding above it some heated object, as a metal plate or pan of 
hot sand or water. As soon as the wax softens, the filings sink 
into it and become fixed in position when the wax again cools. 

3. Flour paste. The ordinary flour paste of medium thick- 
ness is used. The phantom is made on a plate of glass, and the 
sheet of paper, previously coated on one side with the paste, is 
carefully placed upon it. Remove and dry quickly to prevent the 
iron rusting. 

This last process is more satisfactory than the other adhesive 
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processes. For individual experiments for each member of a 
class, I would advise using either it, or the tannic acid process, 
since the average pupil will succeed better with these than with the 
others. 

Permanent magnets, either bar or horse shoe; like or unlike 
poles near each other; consequent poles; induced magnetism in 
soft iron, with inducing magnet near; electro-magnets with or 
without a core, etc., make good phantoms, if magnetism is powerful 
enough to make a strong field. 


A DEMONSTRATION OF VAPOR TENSION AT 
ORDINARY TEMPERATURE. 


BY C. E. LINEBARGER. 


The need for a correction to the pressure of a gas collected 
over water due to its being permeated with water vapor is not 
very clear to the student, unless the fact that the vapor of water 
exerts a pressure at ordinary temperatures is brought home to him 
by a special demonstration. A usual method of demonstrating the 
phenomena of vapor tension in general consists in introducing a 
little of the liquid into the vacuum of a Torricellian tube. The 
lowering of the mercury is so slight, however, that with water 
it requires quite close observation to perceive it, unless special pre- 
cautions have been taken to insure the dryness of the tube and 
mercury. Also the manipulation with mercury is not very conveni- 
ent. Still, for volatile liquids such as ether or carbon bisulphide, 
the method is very well adapted. 

The apparatus to be described, however, even with water gives 
indications of a change of pressure that are plainly apparent at 
quite a distance and has the advantage of not requiring the use of 
mercury. It consists (Fig. 1) of a small wide-mouthed bottle 
fitted with a good cork pierced with three holes. Through one hole 
passes a manometric tube filled with kerosene, through another an 
L-tube and through the third a straight tube with a bulb of thin 
glass blown at one end. This bulb tube may need a little more de- 
tailed description. The bulb may be of any convenient size, and 
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need not be spherical. Indeed, the more irregular its shape, the 
better, for then it may be crushed the more easily. The open end 
of the bulb tube, which should be drawn out to a small diameter, 
is placed in water and the air in the bulb and tube heated by play- 


Fig. 1. 


ing a flame over it. During cooling, water enters to take the place 
of the air driven out by the heating. The drawn-out end is then 
melted together in a flame. The stem of the bulb tube should be 
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rubbed with a little vaseline so that it moves easily through the 
cork. 

Care should be taken that the bottle and tubes are as dry as 
possible before putting the apparatus together. It is advisable to 
set up the apparatus and let it stand for some time with a chloride 
of calcium tube attached to the L-tube. 

When the experiment is to be performed, the bulb is pushed 
down nearly to the bottom of the bottle and the bit of rubber tubing 
over the L-tube is closed with a pinch cock so that the kerosene 
stands at the same level in both branches of the U-tube. The 
bulb is crushed by pushing it down suddenly against the bottom 
of the bottle, and then raised so that as much of it projects above 
the cork as at first. As the water vaporizes, the kerosene moves 
in the manometer so that in a few seconds or so a difference of 
level amounting to more than 10 ems. is observable. 

Of course, other liquids besides water may be taken. Ether 
has such a high vapor tension at ordinary temperatures that mer- 
cury instead of kerosene should be used in the manometer. 


ELEMENTARY EXPERIMENTS 
IN 


OBSERVATIONAL ASTRONOMY. 


BY GEORGE W. MYERS. 
(Continued from page 4o.) 
EXPERIMENT XXXI. 
Find the length of earth’s radius by Wallace’s method. 


Let A, B, C of the figure be the tops of three posts of same 
height above water-level set up along the shore of Lake Michi- 
gan or by the side of a straight canal. Sighting from A over B 
the line of sight will cut the vertical post at C at a point D above 
C. The points A, B, and C will be on a circumference concentric 
with the circumference a, b, c of the earth’s surface. Let CD, 


108 School Science 


BD, and A D be measured. Suppose the vertical D c meets the 
circumference A, B, C at d. 
Then by elementary geometry, since BAd=BCD, and 


Wallace’s Method. 
Fig. 28. 


BDC is common to the triangles B C D and D A. d, these two 
triangles are similar, and 
aD = gD or, dD = BD x AD. 
AD CD CD 
But dD =2r (nearly); r denoting the radius of the earth. 
Hence 


BD 


AD. 


r=% 


EXPERIMENT XXXII. 


To find the radius of the earth. 


After the latitude and longtitude of points on the earth’s surface 
are found, it is possible to determine the radius of the earth in 
miles. The geographical codrdinates of the Observatory of Ber- 
lin are given in the Jahrbuch as Longitude + oh. om. o.s. and 
Latitude + 52° 30” .2, and for Cape Town, South Africa, Longi- 
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tude —o h. 20.3 m. and Latitude — 33° 56’. Supposing the earth 
to be a sphere, and that the two stations, as B and C, lie on the 
same meridian (which is roughly true for Berlin and Cape Town, 
and the discrepancy can be allowed for), compute the radius of 


B 
N 


Earth. 


Fig. 29. 


the earth, B E, and the chord extending from Berlin, B, to Cape 
Town Observatory, C, assuming the measured length of the great 
circle arc, C Q B, to be 6,495.6 miles. 

Using the 18” terrestrial globe and scale of both miles and 
degrees, determine the radius of the earth from measures of arcs 
of great circles between various places. 

Hipparchus found that on March 31st at noon the sun shone 
vertically into a deep well at the city of Syene, 500 miles south of 
Alexandria, while at the latter place the gnomon showed that at 
noon of the same day the sun was south of the zenith by 44 of 


a circle (=7°.2). What would these data indicate the circum- 


ference and radius of the earth to be? 

[ Nore: The arc Berlin-Cape Town is not the one actually used 
but it will suffice to illustrate the method as well as the one actually 
used, and these stations are needed in the next experiment. } 


EXPERIMENT XXXIII. 
To find the distance to the moon. 


The stations used above, Berlin and Cape Town, will exem- 
plify the present problem. The observer at Berlin, B, measures 
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the altitude, N1 B M, or zenith distance, Z1 B M, of the moon, 
by means of the most accurate instruments available, constructed 
on the principles crudely represented in our hand quadrant, or 
Tycho’s quadrant. So also does the observer at the Cape Ob- 


Fig. 30. 


servatory, C, measure the zenith distance, Z2 C M, or the altitude, 
N2C M, at the same time as does the observer at B. The time 
is set by previous agreement. The former experiment gave us 
BE (=EC) and BC. The sum of the latitudes being B EC 
(= 96° 26’.2), one-half the difference between 180° and BEC 
gives EBC,or ECB. Having measured Z1 B M and Z2 C M, 
the former added to E B C and the sum deducted from 180° will 
leave M B C in degrees, and the latter added to E C B and the 
sum subtracted from 180° will leave B C M. Knowing B C M, 
C B M, and B C, we solve the triangle by geometry, or better, by 
trigonometry, and obtain BM and C M, and finally E M, the 
desired distance from the moon to the earth. 

Supposing the Berlin observer finds the zenith distance, 
Z1 B M, of the moon to be 53° 15.1, at the instant that the Cape 
Town astronomer finds the zenith distance, Z2 C M, to be 34° 28’ 
How far is the moon from the earth; i. e., how long is E M, if the 
radius of the earth is 3,963 miles? 


(To be continued.) 
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Metrology. 


THE NATIONAL BUREAU OF STANDARDS. 
BY RUFUS P, WILLIAMS. 


This institution is one whose prospective value to exact sci- 
ence in America can hardly be overestimated. In creating it the 
56th Congress passed an act which each succeeding year has ren- 
dered more necessary. In the early days of our history every 
colony had its own standards of weight and measure, which were 
later adopted by the various states. These standards differed 
widely. When the colonies became a nation, though the Constitu- 
tion gave authority to Congress to make one uniform standard, 
and Washington in his first message recommended it, it was still 
left to the states. As there was no call for exactness and “pretty 
near” would then do for comparative measurements, there was no 
need of a bureau, hardly of a bureau drawer. But as soon as 
Uncle Sam began to do his own work a standard must be had, and 
this the Coast Survey first introduced. 

Nothing came of Robespierre’s effort—when in 1794 he sent 
over from France a copper meter stick and a kilogram weight of 
the same metal—to induce the United States to adopt the metric 
system. It was not till 1814 that a standard of length—the 
Troughton 82-inch brass bar—was brought from England, the 
distance between two lines on that bar being adopted for use as 
the yard in the survey of the coast. In 1821 the first platinum 
meter and kilo were imported, and in 1827 came the Troy pound, 
of brass, from England. This latter was the only one of all having 
the sanction of Congress. 

The need of uniformity was emphasized in 1830 when the 
Senate ordered a comparison of the measures and weights at the 
various custom houses in the United States to be made, and found 
large discrepancies. Eight years later the Secretary of the Treas- 
ury was ordered to distribute to the governor of each state a set 
of all the weights and measures which he had adopted as standards. 
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Then followed, in some cases, the passage of state laws confirming 
the government measures. In this manner was partial uniformity 
established. The passage by Congress of the metric act in 1866 and 
the distribution of metric weights and measures to all the states, 
was followed by the convention at Paris in 1875, and the founding 
in that city of the International Bureau of Weights and Measures, 
and in 1889 by the transmission to the United States of the 
national prototype meter and kilogram, which have ever since 
been the final appeal for length and weight in government work. 
These and other standards were kept in the Treasury Department, 
in the custody of the Superintendent of the Coast and Geodetic 
Survey, until July 1, 1901, when they were turned over to the 
Director of the Bureau of Standards. 

With a century’s growth of exact science the need of standards 
and standardizing apparatus has enormously increased. Instead of 
the pound, foot, gallon and bushel of our fathers—manufacture, 
trade and the arts of modern life demand the testing of such 
appliances as balances, weights, apparatus for the measurement of 
capacity and length, thermometers, pyrometers, meteorological ap- 
paratus, barometers, hydrometers, instruments for testing oils, 
sugars, alcohol and other liquids, also those used in navigation, 
surveying and hydrography, photometers, gas meters, wattmeters, 
volt and ammeters, magnetometers, speed indicators, steam-engine 
indicators, pressure gauges, graduated chemical glassware, appa- 
ratus for testing the strength and other properties of materials, 
etc. All these must be the refinement of accuracy, and must have 
skilled specialists to make and adjust them. 

To the present time there has been no suitable place for keep- 
ing the few standards the government owns. The weights have 
been kept in a coal vault, subject to more or less moisture and 
temperature changes. The need of standardizing apparatus and 
of experts to direct the processes will be more apparent after con- 
sidering half a dozen of the above cases. 

(1) Take the graduation of thermometers and pyrometers. 
Such work is now done in Germany and England. In 1897 more 
than 100,000 thermometers were standardized in Germany. In 
the Kew Observatory in England some 18,000 chemical ther- 
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mometers were tested. We cannot do the work in this country 
now, but it will be one of the functions of the new bureau. As 
one single illustration of the value of precise measurements, the 
government saved $125,000 by being able instantly to know the 
exact change of temperature in the process of shrinking a 
jacket on a 16-inch gun. The need of such standards is increased 
by the very low and very high temperatures now made available 


in scientific work. 
(Concludcd in May.) 


Notes. 


CHEMICAL. 


Berthelot—A gold medallion was presented to M. Berthelot on 
November 24, 1901. The occasion was the fiftieth anniversary of his 
entrance into the laboratory of the College de France as a teacher. At 
that time he became an assistant to M. Balard. Addresses were made 
by scientific and public men. The medallion, which was designed and 
executed by M. Chaplain, was presented to M. Berthelot by President 


Loubet. 
LCN. 


A Simple Proof of Nitrogen in Nitric Acid—Not feeling satisfied 
with the slowness and occasional failure of the proof of nitrogen in 
nitric acid, by the method of reduction to ammonia by zinc and sulphuric 
acid, and the detection of the ammonia by subsequent evaporation and 
the addition of sodium hydroxide, I have devised a modification of 
this method which I can recommend as rapid and certain in the hands 
of students. 

The directions are as follows: Into a test tube put 4 cc. of water, 
add 12 drops of concentrated nitric acid and stand in the rack. Add 
a stick of sodium hydroxide 1 cm. in length and shake for a moment; 
then add successively several narrow strips of aluminum foil. Test the 
evolved gas for odor and for action on moist litmus and turmeric papers. 

The reaction with the aluminum soon becomes violent. The whole ex- 
periment requires less than five minutes. The students are told before- 
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hand that hydrogen is evolved by the reaction of aluminum and sodium 
hydroxide, and they already know of what elements ammonia is com- 


posed. 
Teacher of Chemistry, Waltham High School, Mass. OLIVER P. WATTs. 


Formation of Sulphur Dioxide for Laboratory Students——One of the 
stock experiments in the subject of sulphur is a study of the gas, sulphur 
dioxide. The text books direct that this gas should be prepared by acting 
on copper with hot concentrated sulphuric acid. Every teacher of chem- 
istry appreciates that hot concentrated sulphuric acid should be accorded 
a considerable amount of respect and should be given to an elementary 
student with a good deal of caution. Personally, I know of three acci- 
dents from its use in the above experiment, two of them serious. 

It has been my custom to prepare this gas by acting with dilute 
sulphuric acid upon crystals of sodium sulphite. The reaction is car- 
ried out in a flask, provided with a thistle tube, and a delivery tube for 
downward displacement. The acid should, of course, be added slowly. 

The reaction involved here is easy to interpret, the danger of the old 
method is avoided, and my experience with it justifies me in recommend- 
ing it to other chemistry teachers. It is a very small point, but one that 


may save trouble. 
Boardman Man. Tr. High School, New Haven, Coan. S. P. BEEBE. 


The Handling of Phosphorus by students is accompanied with so 
much danger that every precaution should be taken to reduce it to a 
minimum. By giving out the element already divided up into small bits, 
the students are saved the trouble of cutting off what they need from a 
stick of it, and the liability of fires or burns is much lessened. It is quite 
easy for the instructor to prepare a stock of phosphorus in the form of 
small globules, which are admirably adapted for students’ use. A tall 
jar (hydrometer) is filled with hot water and the water kept quite hot 
by passing a current of steam into it. A supply of phosphorus is then 
placed in the jar, where it soon melts. An ordinary pipette, with a piece 
of rubber tubing slipped over its upper end, is put into the jar with its 
tip in the molten phosphorus, and then filled by suction with the ele- 
ment. The rubber tubing is pinched together and the tip of the pipette 
transferred to some hot water, gently placed upon some cold water, filling 
a second jar. This hot water, fioating upon the cold, prevents the 
pipette from becoming stopped up by the solidification of the phosphorus. 
The phosphorus is then allowed to drop out of the pipette, and, as it 
passes into the cold water, it solidifies into flattened globules. These 
are transferred into a bottle, where the student can easily remove one 
when needed. 
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Book Reviews. 


Invertebrate Zodlogy. By H. S. Pratt, Px. D., Professor of Biology 
at Haverford College, Haverford, Pa. 16x27x2 cm., 210 pages. Ginn 

& Co., Boston, 1902. $1.35. 

The feature which is characteristic of this book is, as stated by the 
author in the preface: “The plan of this course is to study each of 
the larger groups of the invertebrate animals, so far as possible, as a 
whole, instead of detached types of different groups taken more or less 
at random, as is usually done.” In correspondence with this plan, ten 
of the larger groups, Arthropoda, Annelida, Platyhelminthes, Bryozoa, 
Mollusca, Urochorda, Echinodermata, Cnidaria, Spongiaria and Protozoa, 
are treated as separate and distinct wholes. 

A chapter is given to each group. The number of animals treated in 
each group varies from one in Bryozoa, Urochorda and Spongiaria, to 
fourteen in the Arthropoda, the remainder of the groups being repre- 
sented by from two to four types. The types are selected with a view 
to the proper presentation of the more strongly marked differences to be 
found in the animals of each group. Usually the lowest type is placed 
first, but in the treatment of the types, as well as of the groups, the idea 
of the author seems to be that the student is to get his idea of the rank 
of the animals solely by the comparison of structure, and is not to be 
guided or influenced by the arrangement in the book. The work on 
each type is almost purely anatomical, although some cases showing the 
relationship of structure to function are brought to the student’s atten- 
tion. While the structure is minutely given for each type, the char- 
acteristic features common to all of the types of a group are not pointed 
out, but are left for the student to discover. 

The Arthropoda are given by far the greatest attention, because, in 
the author’s words, “the natural succession of forms from the lowest to 
the highest is more apparent in them than in any other group of in- 
vertebrates, and it is, consequently, easier for a beginner, by studying 
them, to learn to appreciate the real significance of the blood relation- 
ship of animals.” 

One of the striking features of the book is the independent treat- 
ment of each type and group. Any one may be taken from the context 
and used successfully, because each is complete in itself. A teacher is 
able to pick out the forms which he considers best suited for his purpose, 
and use the manual directly without making any bridges or smoothing 
frayed edges. 

In following the manual, the student is first told what to look for, 
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the names of the parts which he is to find, and where they are located, 
and then is required to make a drawing showing these parts and labeling 
them. The drawing and the dissection required are carefully indicated, 
at the proper places by “exercises” numbered consecutively, for each 
tvpe. The typographical arrangement is very good, frequent paragraphs, 
names of parts in bold-faced type, with the proper titles for the para- 
graphs, also in heavy type. There are, very properly, no drawings of the 
animals studied for students to copy. 

While in the body of the book no indication of the rank of the 
various groups in the animal kingdom is stated, in the appendix is given 
‘Claus’ classification, of phyla and classes, with a brief historical sketch 
of past classifications. There is also a valuable table of phyla, and minor 
divisions, going as low as orders in most cases, with a very brief defini. 


tion of each. A rather complete glossary is given. 
Omaha High School. H. M. BENEDICT. 


Physical Laboratory Manual. By Wicsur A. Fiske, A. M., Instructor 
in Physical Science in the Richmond High School. 14x20 cm., 183 
pages. Nicholson Printing & Mfg. Co., Richmond, Ind. 1901. 75 
cents. 

This attractive manual contains directions for the performance of 93 
experiments, which the author’s experience warrants him in choosing 
as suitable to high-schoo! conditions. Also in an introduction there are 
given brief but clear directions as to note-books, errors and the graphica! 
representation of daia. Most of the exercises are quantitative in nature. 
and of such a nature as to give accurate results, if properly performed. 
The author has very commendably been at considerable pains “to use 
simple ianguage and to describe carefully all the details in the course 
of experiment.” He also insists throughout upon a good tabulation of 
data, the use of the metric system and the graphical representation of 
data, whenever possible. Some teachers of physics would wish an exer- 
cise or so with the Jolly balance and some emphasis upon the use of a 
’Arsonval galvanometer, but, taken all in all, the manual is certainly 
an excellent one and well adapted to its purpose. 


C.E. L. 
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Reports of Meetings. 


NEW YORK CHEMISTRY TEACHERS’ CLUB. 
The Club was organized at a meeting held at the Hotel Albert, New 
York City, March 20, 1902, and the following officers elected. A. C. 
Hale, president; R. H. Fuller, vice-president; M. D. Sohon, secretary; 


A. A. Arey, treasurer. 
The Club is composed primarily of teachers of chemistry in sec- 
ondary schools, and desires to reach all such teachers within the metro- 


politan district. 
Reported by M. D. Sonon. 


NEW YORK PHYSICS CLUB. 

The seventeenth reguiar meeting of the Club was held in The Cut- 
ler School, New York, on Saturday, March 15, 1902. After the routine 
business, the report of the committee on “Physics in the New Course 
of Study in the Boroughs of Manhattan and Bronx” was presented and 
discussed at length. As-this course will probably be adopted by the whole 
city, the following resolutions were passed. (1) That it is the opinion 
of this club; (a) that five periods weekly in the third year should be 
given to physics; (b) that one of these periods should not require a 
prepared lesson; (c) that when circumstances permit, one of these 
periods should be of double length and given to laboratory work; (II) 
that it is the opinion of the club that advanced physics should be offered 
as an optional study of the fourth year. 

It was decided to form a photographic section of the club, which 
should have for one object the preparation of a set of lantern slides 
relating to physical subjects, this set to be the property of the club and 
loaned to members. Under the leadership of Mr. J. M. Jameson, of 
Pratt Institute, there were discussed the methods of teaching four labora- 
tory exercises—the parallelogram of forces; conjugate foci of a lens; 
latent heat of vaporization; Boyle’s law. 

Mr. Henry S. Curtis, of the Boys’ High School, Brooklyn, showed an 
ingenious device for determining the conjugate foci of a lens. It con- 
sisted of a frame for holding a meter stick with a piece of tin at one 
end in which were cut two holes. Across these were soldered two pieces 
of wire, thus furnishing the object whose image was formed on a sliding 
card. Prof. E. H. Hall spoke of several devices which he had found 


helpful. 
After lunch Prof. Hall delivered an address on “The American 


Physics Teachers’ Opportunity,” which appears in full on page 57 of 
this number. After a discussion of Prof. Hall’s address, the meeting 


adjourned. 
Reported by R. H. CORNISH. 
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NEW ENGLAND ASSOCIATION OF CHEMISTRY TEACHERS. 


The thirteenth meeting of the Association was held on Saturday, 
February 1, 1902, at the American House, Boston, Mass. After the trans- 
action of the usual preliminary business, the annual report of the secre- 
tary, Mr. F. W. Howe, was read. It showed that the total membership 
is ninety-six, thirty-seven being associates. The annual report of the 
treasurer, Mr. E. F. Holden, showed that. the Association is in good 
financial condition. A vote of thanks was given the L. E. Knott 
Apparatus Company for their courtesy in printing the List of Books 
in Chemistry. Twenty associate members were elected. 

The main portion of the meeting was devoted to reports of all the 
committees. The Committee on New Apparatus, Mr. I. O. Palmer, chair- 
man, described, by means of samples and diagrams, the simple opera- 
tions of glass-working, the purification of mercury, and a new thermom- 
eter. Dr. Lyman C. Newell, chairman of the Committee on Reference 
Books, called attention to Blount’s Electrochemistry, Remsen’s College 
Chemistry, Ladenburg’s Lectures on the History of Chemistry Since the 
Time of Lavoisier, Prescott and Johnson’s Qualitative Chemical Anal- 
ysis, and Benedict’s Chemical Lecture Experiments. Mr. Wm. H. Snyder, 
chairman of the Committee on High-School Study, presented a personal 
statement of the difficulty of meeting college requirements in chemistry. 
It was not a formal commitiee report, and was made largely to bring 
out the sentiment of the meeting. The general feeling seemed to be that 
the subject demanded a more extended consideration than the limited 
time of the meeting permitted. 

Dr. H. G. Shaw, for the Committee on Physical Chemistry, re- 
ported the results of recent work in this field. Dr. Charles A. Pitkin, 
chairman of the Committee on Physiological Chemistry, read abstracts 
of recent articles in this branch, calling attention especially to the work 
on food and nutrition being done under the direction of Prof. W. O. 
Atwater; one interesting abstract. was devoted to the manufacture of 
indigo. The Committee on Chemistry as a College Entrance Subject 
reported through its chairman, Dr. Lyman C. Newell, that the work 
accepted by the colleges, though not uniform, laid stress on laboratory 
work and on certified note-books, and, on its own recommendation, the 
committee was authorized to continue the investigation and report later; 
in the report attention was called to the fact that the college authorities 
were exceedingly courteous and manifested great interest in the at- 
tempt to secure mutual understanding. Mr. Charles R. Allen, chairman 
of the Committee on Laboratory Construction, read the proof of a set of 
questions soon to be circulated with a view to securing accurate data for 
the construction of the best possible laboratory. The Committee on 
Current Events reported through its chairman, Dr. Lyman C. Newell, 
that over fifty articles had been abstracted; attention was briefly called to 
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the Berthelot anniversary, the work of Moissan on fluorine, and a de- 
scription of the laboratory of Ostwald. 

After dinner there was a symposium on the topic, “How can the 
efficiency of our Association be increased?” The speakers were Miss 
Laura B. Patten, Messrs. George A. Cowen, Lyman G. Smith, and Oliver 
P. Watts. Many of the suggestions were of interest solely to the mem- 
bers; those of general interest were the instituting of a question box, 
trips to see industrial operations, the desirability of keeping in touch 
with colleges, the advantages of holding meetings in school laboratories 
rather than halls or hotels; all the speakers emphasized the value of 
cooperation and good fellowship. 

The meeting was well attended, and the reports, though numerous, 


were suggestive, profitable, and stimulating. 
Reported by LYMAN C. NEWELL. 


NEW YORK STATE SCIENCE TEACHERS’ ASSOCIATION, 
SECTION OF BIOLOGY. 
(Continued from page 53.) 

Henry R. Linville, DeWitt Clinton High School, New York, Chairman 

The following men presented papers: Prof. F. E. Lloyd, Teachers’ 
College, Columbia University, New York, “The Preparation of Second- 
ary Teachers in Biology.” Dr. A. J. Grout, Boys’ High School, Brook- 
lyn, N. Y., “What the Teacher of Botany in Secondary Schools Should 
Be Prepared to Do.” Prof. A. D. Morrill, Hamilton College, Clinton, 
N. Y., “Ideals in Teaching.” Prof. N. A. Harvey, Chicago Normal 
School, Chicago, Ill, “The Training of a High School Teacher of 
Science.” 


THE PREPARATION OF SECONDARY TFACHERS IN BIOLOGY. 
(Abstract of Professor Lloyd’s Paper.) 

Of the pupils found in the high school, but a very small proportion 
pass beyond into the college. The high school is then the “college of the 
people” in a very wide sense, and is worthy of the very best efforts of 
well educated and highly trained teachers. 

At the present time the high school is supplied with teachers who 
have been prepared for their work either (a) in normal schools, or (b) 
in colleges and universities, but without the opportunities for professional 
training. 

It is maintained that the preparation of both these classes is in- 
adequate. The former class has had the advantage of distinctly pro- 
fessional training, but has been handicapped by an insufficient equipment 
in the subject matter, and has brought elementary and grammar school 
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methods into the high school. The latter class has done the same with 
university methods. The result, in part attributable to these conditions, 
is a great lack of uniformity in ideals, a marked unevenness in the qual- 
ity of instruction and a remarkably heterogeneous high-school course, 
taking the country as a whole. : 

The plea, therefore, is made for the special preparation along dis- 
tinctly educational lines of those who desire to fit themselves for the 
profession of secondary teaching in biology. Such should hold the 
bachelor’s degree, and during their college course should have studied 
physics and chemistry. In biology they should have earned at least nine 
points credit, of which no less than one-third should be in botany 
or zoology, preparatory to entering upon professional study. 

In addition to general courses in psychology and in the history and 
principles of education, the professional training should consist in: 

(1) A more specialized study of secondary education which should 
acquaint the candidate with the general problems of the high school. 

(2) A course in the theory and practice of teaching biology in sec- 
ondary schools. Such a course naturally divides itself into two parts. 

(a) A theoretical part, consisting of lectures and collateral reading 
on the history and aims of the teaching of biology, on the course of 
study, including the plan of the course and the choice of topics and 
materials, and other cognate topics. 

(b) A practical part, consisting in the observation of teaching in 
secondary schools, in the construction of a course of study, in a study 
of available materials and of many other allied matters. The practical 
work should culminate in a season of actual teaching under skilled criti- 
cism, the chief value of which is to be found in the experience gained by 
the practice teacher. 

The candidate should, at the same time, be pursuing advanced work 
in both botany and zodlogy. 

Such a course may well be made to lead up to the conferring of 
diplomas coOrdinate with the degrees of special schools, as of law and 
medicine, and equal to them in significance. For the higher diplomas 
(Master’s and Doctor’s), a corresponding amount of research of a sus- 
tained and original character, in the field of education, should be required. 


IDEALS IN TFACHING, 


(Abstract of Professor Morrill’s Paper.) 

At one time or another, since the modern teach'ng of natural history 
can be said to have begun, various ideals have dominated the presentation 
of that subject. First, taxonomy held sway, then the study of types, 
and later the investigation of physiological processes. With the increase 
in the extent of the knowledge of plants and animals along the lines 
of adaptations, evolutions, embryology and ecology, however, the identi- 
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fication of these ideals becomes more and more difficult, until now we find 
no single ideal in vogue; anything that may exist must be more or less 
broad and inclusive in character. 

Existing at the same time with the more or less clearly conceived gen- 
eral ideals, there have grown up out of experiences in class-rooms and 
laboratories, and from influences outside, minor ideals which, in many 
instances, are of an extra scientific nature. Trimming the principles of 
biology to meet the exigencies of a set of examinations is a spectacle 
very often witnessed in our midst. An impression that sometimes creeps 
into schools from the outside leads pupils to think that the study of plants 
and animals is of no serious consequence, and it does not pave the way 
to financial profit. Such an ideal, although not held by the teacher, 
dominates the teaching unless the teacher, by the substitution of a higher 
ideal, is able to submerge the less worthy one. 

In elementary work the pupil is of much more importance than the 
subject, but many university-trained men, when they do not consider 
teaching a bore, are apt to be more concerned with presenting their sub- 
ject symmetrically than they are with the problem of creating in the 
minds of their pupils a liking for science. A similar blindness to proper 
methods of learning is to blame for the method employed sometimes 
by those who dull all the interest of discovery by giving preliminary 
lectures and demonstrations, making the laboratory period one of unin- 
teresting verification. 

Of all the ideals of practical teaching in biology, the one best calcu- 
lated to help the young pupil to break away from the dominating author- 
ity of books is that which leads him into the paths of nature in such a 
way that he will come upon the truths himself. This may be done with- 
out employing the extreme method of Agassiz. The object of teaching 
is not to get rid of the weaklings. The average pupil needs judicious 
guiding rather than to be left to his own resources. As the pupil ad- 
vances, however, more and more must be expected of him. 

The influence of well-guided work in biology is not more noticeable 
than in the development of individuality. The habit of being independent 
in judgment grows, and so powerful has it become that frequently an 
excellent instructor is not more successful in bringing the indifferent 
workers into line than is the example of a single earnest, interested and 
independent member of the class. 


THE TRAINING OF A SCIENCE TEACHER FOR SECONDARY SCHOOLS, 
(Abstract of Professor Harvey's Paper.) 

A teacher of science in a high school ought to know three things; 
first, his subject; second, the psychological movements involved in learn- 
ing the subject; third, the principles and the art of teaching. 

A knowledge of the subject matter of a science is of primary import- 
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ance, because it constitutes the instrument with which the teacher does 
his work. Without such an instrument perfected to the degree possible 
before and during the teaching experience, no substantial progress can 
be made. Although it is true that, other things being equal, the more 
thorough a teacher’s knowledge, the greater will be his success, there 
is always the danger of pursuing a line of research to the detriment of 
the proper growth of certain personal qualities. Unfortunate as such 
a one-sided development would be in the teacher, the result would be 
disastrous to the intellect of his pupils, should he attempt to drill them 
in the methods of the trained investigator. 

If the teacher succeeds in avoiding the use of men’s methods in trying 
to develop children’s minds, it will be on account of his having more 
than a theoretical knowledge of the general laws of mental action. He 
must know how to bring the mind of a child into the presence of the 
subject-matter in such a way that its activity will be aroused, and growth 
result. The possessor of ability of this kind is no longer a mere scholar; 
he becomes a real teacher. He is no longer an artisan; he is an artist. 

Granting, however, that an ideal teacher is not the result of chance, 
there comes the recognition of the necessity for preparation. While it 
is true that what the ordinary normal schools undertake to do for the 
grade teacher should be done for the high school teacher, it is not possi- 
ble, under prevailing conditions, for the normal schools to train high 
school teachers properly. On the other hand, colleges and universities 
de not offer an ideal preparation for the teacher of science. The col- 
lege-trained teacher is very likely not to be a teacher at all, having 
heen occupied throughout his course with the idea of storing up knowledge, 
and that with little or no consideration of the psychology of the process. 
Neither is it likely that few men just out of college seriously discuss 
with themselves the question of the possibility of a difference in the 
methods necessary to teach children, and those employed to instruct 
them. 

There are three alternatives by which better trained teachers may be 
secured. First, normal schools may modify their constitutions in order 
to meet the demands for high school work; second, universities may alter 
their courses in pedagogy so that there shall not be the entire absence of 
practice in teaching from the discussions of the theory of education; 
third, the teacher may get this knowledge of his special subject in the 
university or college, and his pedagogical training in the normal school. 
The last alternative seems likely to prove the best, especially if the 
normal school work precedes the university training, for when the pros- 
pective teacher is grounded in the principles of teaching he is able to 
see what is involved in particular methods, and he is able to criticize 


intelligently the materials and methods offered in universities. 
Reported by HENRY R, LINVILLE. 
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MICHIGAN SCHOOL MASTERS’ CLUB. 
CONFERENCE OF THE BIOLOGICAL SECTION. 


Two sessions were held, Friday afternoon and Saturday forenoon, 
March 28th and 2gth, the latter being a joint session with the Michigan 
Academy of Sciences. Both sessions were well attended. 

After calling the meeting to order and making some announcements, 
the chairman, Mr. L. Murbach, made some remarks on the proposed 
amalgamation of the biological section with the Michigan Academy of 
Sciences. He said the biological section would better not surrender its 
identity by fusion with the Michigan Academy of Sciences, but that the 
Michigan Academy of Sciences might form a science teaching section 
which the members of the biological section could join, leaving them 
the opportunity to hold their own conference at any time when the 
Michigan Academy of Sciences meets at a different time or place from the 
Schoolmasters’ Club. He pointed out the advantages of the union as, 
membership in the larger body, opportunity to hear purely scientific 
papers, and the right to the publications of the proceedings. Pending 
tue attion of the Michigan Academy of Sciences, the Conference pro- 
ceeded with its program. 

A summary of each paper follows, and some will be more fully pre- 
sented in later issues. 

Mr. Ray A. Randall, Assistant Principal, Goshen (Ind.) High School, 
gave the first paper on “The Relation of Nature Study to High School 
Biology.” He showed the importance of guiding the child through the 
grades so that he is in position for independent thinking. Nature study 
stimulates the mind to its fundamental activities and supplies it with 
elemental material for thought. Attempts to introduce nature study in 
the grades have failed because the science work is left to the grade 
teacher. A person who can lead others is needed, a specialist born a 
naturalist. A special teacher can handle from three to five grades, giving 
six hours a week to a grade, by devoting three periods of two hours 
each to a grade. An important prerequisite in the pupil is love for nature. 
Nature study does not aim to make specialists, but to educate, to form 
proper habits. Plants and animals should not be personified or endowed 
outright with motives. Technical terms, when needed, will be learned 
as easily as are the words of a foreign language. The pupil who has 
not had nature work in the grades has to reconstruct his habits of study 
and thought, and instead of having a student in biology, the high-school 
teacher has in him a beginner in nature study. 

In opening the discussion of the paper, Miss Gertrude Gillmore, of 
the Washington Normal School, of Detroit, contended that, while espe- 
cially trained science teachers are necessary to organize and conduct the 
work, vet the grade teacher is better fitted to teach the child directly, as 
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she is more familiar with his environment and capability. In answer to 
the suggestion that the grade teacher is generally ignorant of what to 
teach and how to teach it, Miss Gillmore responded that she is to take 
up each subject a month beforehand and do a little at a time under 
the guidance of the special teacher, until she is prepared. Miss Gill- 
more then explained her method of conducting such work. Both speakers 
advocated biological material for nature work rather than minerals or 
physical phenomena, that are sometimes introduced. 

In the next paper, “The Relation of Laboratory, Field, and Recita- 
tion work in Biology,” Miss Frances L. Stearns, Adrian, held that the 
laboratory method has proved itself the natural and substantial basis of 
high-school courses in biology, and that the well-equipped laboratory 
is either a part, or the legitimate demand, of every high school. About 
half the time may be given to the laboratory work. The morphological 
and physiological work that has been done almost solely heretofore, fails 
to give a pupil first-hand knowledge of plants and animals in their homes, 
and the relationship between living things and their environment. 
Though field work, as a method of instruction for high-school pupils, 
is in its experimental stages, it can and should give the boy his first key 
to nature—the “what,” then the “why,” as far as possible. The hin- 
drances to good field work are the teacher’s own lack of knowledge or 
lack of method in using what is known, lack of time, and the ordinary 
hindrances to making extended trips with large classes. Class-room 
discipline should not be attempted. Competitive gardening lays a good 
foundation for field work. Pupils may be prepared for a field trip by 
talks, carefully prepared questions, and short excursions in the neigh- 
borhood. * * * * The recitation is the important supplement of 
the laboratory and field work, correcting errors and fixing the results. 
It should not be the place to give information, but to express what has 
been learned, to classify, and deduce principles. 

Following this, Professor Chas. A. Davis, of the University of Mich- 
igan, on the “Possibilities of Field Work,” emphasized points made in 
the preceding paper, and contrasted past with present methods. He said 
all the difficulties of field work are no more fundamental or valid than 
the objeciions formerly urged against the laboratory method. The possi- 
busties of field work are great when (1) teachers will prepare for it as 
they do for other kinds of work, by constant study of the region in 
which they teach; (2) the size of class sections taken to the field is 
small, not exceeding twenty; (3) the work is carefully planned and 
pupils are properly guided and watched; (4) the classes are questioned 
as to what they see, and are not simply told what the teacher sees; (5) 
when the special object of the exercise is coérdinated with other related 
topics by questions and suggestions. Possible lines of work in botany, 
zoology, geology and physiography were then suggested, and teachers 
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who have to do this sort of work with their classes and hope to be suc- 
cessful were urged to take up field work for themselves. 

In the discussion foilowing, it was evident that the majority of 
teachers did field work only as a side issue, and that this subject should 
be further developed; that 25 was as large a number as could be 
profitably taken at: one time; that in cities much can be done in the 
parks; with large numbers it is better to have written directions or 
questions; that a successful way of doing field work is to take only the 
most interested students. 

Acting on a suggestion previously sent in by Professor S. O. Mast, 
that it would be desirable to have a set of experiments in Plant Physi- 
ology, the chairman appointed a committee to formulate a set of such 
experiments, with suitable apparatus, for a haif or a whole year's high 
school course. 

A paper from Miss Grace Ellis, of Grand Rapids, on “Physiology 
as a Science Study in the High Schools,” made the following points: 
The optimum and logical preparation for physiology would be that botany, 
zoology, chemistry and physics should precede it. In case it cannot 
be preceded by these, simple experiments in chemistry and physics must 
be made in order to make the subjects in physiology comprehensible. 
Here is the starting point. In the laboratory, guided only by a sheet of 
directions and tested by questions, the learner finds out something of the 
composition of his own body. This introductory work may be followed 
by a set of simple experiments on acids and alkalies, then by tests for 
foods. The study of foods is followed by that of digestion, circulation, 
respiration, excretion, in order, ending with the study of the nerves 
and ganglia, especially as seen in the frog. All these are studied ex- 
perimentally first. Physiology, hygiene, and sanitation should be the 
interpretation Sf the simple physiology of our course of study. It is 
desirable that there be a widespread understanding of the nature of con- 
tagious diseases in order that the action of medical boards and boards 
of health may have a meaning in the minds of the public at large. The 
creation of such an understanding seems to me an important duty of the 
public schools. 

Mr. Raymond Pearl, of the University of Michigan, then read a paper 
on “Practical Physiology in the High School.” He said in substance: 
Physiology, as taught in the average high school, is open to criticism 
from three general standpoints. These are: (1) high-school physiology 
comprises for the most part something other than true physiology; 
(2) its purpose is too largely one of attempting to impart a concrete 
knowledge of the human body, without regard to general training; 
(3) the method of presentation to the student is faulty for two reasons. 
First, in that the most complex rather than the simple is taken as the 
starting point; and second, in that the subject is presented dogmatically, 
i. €., as something finally known. 
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The most important things which will contribute towards the eleva- 
tion of high-school physiology to the level where it ought to stand are: 
(1) the use of a rational laboratory method for the purpose of develop- 
ing the student's general mental powers; (2) the presentation of the 
subject as a living affair to be investigated, not something dead to be 
memorized ; (3) the substitution of the standpoint of “general physiology” 
for that of “organ physiology;” (4) the presentation of something of 
the historical development of the science as a practical means of holding 
the student's attention. 

The program closed with a paper by Dr. H. S. Jennings, of the 
University of Michigan, on “Some Biological Problems.” As it is ex- 
pected that this will appear in full in a later issue of ScHoot Scrence, no 
abstract is given. 

At the close a resolution was offered that, as physiology in its 
broader sense is one of the biological studies and may, if properly taught, 
be made of equal value with any other, it should justly be recognized 
by university authorities, and that such recognition would promote its 


better teaching. 
RK porte! by L. Murpacu. 


(To be continued.) 


Correspondence. 


ALCOHOL A FOOD? 


Eprror Scnoot Science: 

The researches of Atwater and others on the food value of alcohol 
have caused much commotion among the teachers of temperance. They 
have for so long a time based their principal argument against alcoholic 
beverages on the dogma that alcohol is, at all times and under all con- 
ditions, a most deadly poison, that anything contradicting this statement 
is greeted as rankest heresy. “Once a poison, always a poison,” seems 
so self-evident. 

I think it might, therefore, be of value if it is pointed out that some 
of the simplest, most harmless substances of daily use possess this same 
property of being at one time beneficial, at others injurious. The most 
striking example of such a substance is sodium chloride. It is present 
in every tissue of the body, is a constituent of every animal and vegetable 
food, and is necessary for digestion and nutrition, even for life itself. 
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Yet, in spite of this, sodium chloride is used in certain countries as a 
cheap but sure means of suicide. The Chinaman, bent on self-destruc- 
tion, swallows large quantities of a strong solution of it. When so taken 
it is the deadliest of poisons, producing the most acute intestinal in- 
flammation and all the other horrible symptoms of poisoning with cor- 
rosive sublimate. Death results after untold agonies. 

Ordinary table salt is, therefore, both a poison and a food; a poison 
in large amounts, a most, valuable food in smaller quantities. That 
alcohol, in minute doses, may have a real food value should not, there- 
fore, be so unthinkable, and the sooner the teachers recognize this and 
base their arguments against the abuse of alcoholic beverages on surer 
grounds—and there are, alas, enough of them—the better it will be for 
the cause they advocate. The greatest truth will suffer if supported by a 


falsehood. 
Johns Hopkins Medical School. W. H. MANWARING. 


FORMULA FOR AQUARIUM CEMENT. 


Eprror ScHoot Science: 

The following formula was handed to me by a local merchant. It 
has proved very satisfactory in an aquarium made of plate glass, holding 
more than a barrel; so I am pleased to hand it on: 

Mix 4 ounces coal tar, 2 ounces linseed oil and 1 pound rosin; boil 
slowly until a portion put into water at the temperature of the room, in 
which the aquarium is to be kept, becomes hard. If too hard it may crack ; 
if too soft it will run. Apply while hot. 

This preparation has a decided advantage over putty, made by mix- 
ing whiting with white lead, in that it can be used immediately after being 
applied, while putty must be allowed to dry a few months before being 
used. 

In the above aquarium the glass was set with a little putty between 
the glass and the frame, and the cement preparation was put on the in- 


side along the angles and on the bottom. 
Hope College, Holland, Mich. S. O. Mast. 
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